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The Society for the Promotion op Engineering 
Education is an outgrowth of the Engineering Con- 
gress held at Chicago in 1893. The success of the 
section of Engineering Education was such aa to sug- 
gest the value of a permanent organization, which was 
there effected. Meetings are held annually. In 1894 
the Society met in Brooklyn, with the American Asso- 
ciation for the Advancement of Science, and in 1895 at 
Springfield, Mass., with the same Association. The 
meetings have been well attended, the papers inter- 
esting, and the discussions animated and instructive. 
The opportunities for engineering educators and others 
having community of interests, to meet both socially 
and for informal comparison of views, is not the least 
of the benefits to be derived from the Society. The 
present membership of one hundred and eighty-eight 
includes very many of the ablest and best known of 
the engineering teachers of this country, as well as 
several eminent foreign professors of engineering. 
Eighty-six institutions are represented, including 
nearly all colleges giving instruction in engineering. 
Geographically, there are members from thirty-seven 
States, as well as Canada and five European countries. 
It is believed that good has already resulted, not 
merely to the members, but also to the institutions 
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represented by them. Greater opportunity for good 
is possible, and would result from increased member- 
ship. Engineering is a broad profession, and this 
Society is intended to include representatives of all 
branches of the profession. Educators interested in 
engineering, whether mining, electrical, chemical, san- 
itary, mechanical or civil, or engaged in alhed profes- 
sions, can properly expect to receive benefit from the 
Society, and will be welcomed as members. Nearly, 
if not all of the branches mentioned are already rep- 
resented in the membership. In the last quarter of a 
century, it is doubtful if progress in any direction has 
been more marked, more rapid, or more substantial, 
than progress in Engineering Education. If Still 
more perfect and substantial results are to be secured 
in future, there is need that attention should be given 
to educational methods, and to better organized and 
more systematic effort, and to this end the Society for 
the Promotion of Engineering Education is in posi- 
tion to perform an important function. It hopes to 
receive the moral support of institutions as well as of 
the individuals who represent them. 

The Fourth Annual Meeting of the Society will be 
held in Buffalo, beginning on Thursday, August 20, 
1896. The Annual Convention of the American As- 
sociation for the Advancement of Science opens the 
following Monday in the same city. 
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CONSTITUTION 

OP THB 

Society for the Promotion of Engineering Education. 



1. Naicb. — ^This organization shall be called the Sogibty 

FOB THE PsOMOnON OF EnOINEEBIKG EDUCATION. 

2. Members. — Members of this Socdety shall be those who 
occupy, or have occupied, responsible i>08ition8 in the work of 
engineering instruction, together with such other persons as 
may be recommended by the Council. 

The name of each candidate for membership shall be pro- 
posed in writing to the Council by two members to whom he 
is personally known. Such names, if approved by the Council, 
shall be voted on by the Society at the annual meetings. 

3. CoxjNOiL. — The Council of this Society shall consist of 
twenty-one members chosen from the Engineering Schools of 
the United States and Canada, and one-third of the Council 
shall retire annually. 

Any member of this Society shall be eligible to election to 
the Council, provided that not more than one member of the 
Council shall be from any one school. 

Members of the Council shall be elected by ballot by the 
Society at its annual meeting. 

The Council shall constitute a general executive body of the 
Society, pass on proposals for membership, attend to all busi- 
ness of the Society, receive and report on propositions for 
amendments to the constitution, and shall have power to fill 
temporary vacancies in the offices. 

4. Officers. — There shall be a President, two Vice-Presi- 
dents, a Secretary and a Treasurer, each to hold office for one 
year. They shall be chosen by vote of the members at the 
annual meeting. Members of the Council only shaU be eligi- 
ble to these offices. 

(xij) 
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5. Fees and Dueb. — ^The admission fee shall be three dollars 
and the annual dues three dollars, payable at the time of the 
annual meeting. Those in arrears more than one year shall 
not be entitled to vote, nor to receive copies of the proceedings, 
and such members shall be notified thereof by the Secretary 
one month previous to the annual meeting. . 

6. Meetings. — ^There shall be a regular meeting occurring 
at the time and place of the meetings of the American Asso- 
ciation for the Advancement of Science, or of some one of the 
National Engineering Societies, or otherwise as the (Council 
may determine. 

7. Publications. — The proceedings of the Society, and such 
papers or abstracts as may be approved by the Council, shall 
be published as soon as possible after each annual meeting. 

8. Amendments. — ^This Ck)nstitution may be amended by a 

two-thirds vote at any regular meeting, after action thereon 

by the Council. 

• 

Rules Governing the Council. 

First. The officers of the Society shall constitute a committee 
to arrange the time and place of the annual meeting, and also 
to prepare a program for the same. 

Second, The reading of papers shall be limited to fifteen 
minutes each, and abstracts of the same of about 300 words or 
less shall be printed when practicable and distributed in ad- 
vance to the members. 

Third. The time occupied by each person in the discussion 
of any paper shall not exceed five minutes. 
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Monday, September 2, 1894. 



MORNING SESSION, 9:30 O'CLOCK. 

The third annual meeting of the Society for the 
Promotion of Engineering Education was held in 
the High School Building, Springfield, Mass., in con- 
junction with the meetings of the American Associa- 
tion for the Advancement of Science. The meeting 
was called to order by the President, George F. Swain, 
who at once proceeded to read the Annual Address. 

The Secretary read his report for the year, which 
was accepted. 

The Treasurer also presented his report, properly 
endorsed by the Auditing Committee ; this was also 
accepted. 

It was then moved and voted that a nominating 
committee, to consist of five members, be appointed by 
the President, and instructed to report a list of candi- 
dates for the Council at the morning session on 
Tuesday. 

The report of the Council was then read by the 
Secretary. 

It recommended an amendment to the (institution 
raising the annual dues to three dollars, to take effect 
at and after the next annual meeting. 

(1) 



2 PROCEEDINGS. 

On motion of Prof. Fava, Section 5 of the Constitu- 
tion was amended in the way suggested, two-thirds 
having voted in the afl&rmative, making the reading 
of Section 5 "the annual dues three dollars" instead 
of two dollars. 

It was voted that the election of members of the 
Council be made a part of the business for Tuesday 
morning. 

The admission of new members was then taken up, 
and the following who were recommended by the 
Council were elected: T. Raymond Beyer, Louis G. 
Carpenter, Edward R. Cary, George S. Clark, Harry 
T. Cory, Charles R. Cross, Thomas M. Drown, George 
H. Hamlin, WilUam K. Hatt, Arthur E. Hajnies, 
Clement R. Jones, Henry A. Lardner, T. C. Menden- 
hall, Frank H. Neff, William D. Pence, Michael I. 
Pupin, Charles R. Richards, Robert H. Richards, 
Wallace C. Riddick, William H. Schuerman, George 

D. Shepardson, Charles H. Snow, William M. Towle, 
John L. Van Omum, Joel E. Wadsworth, Marshman 

E. Wadsworth, Elton D. Walker, Charles B. Wing. 

A letter of greeting and good-will from Past Presi- 
dent DeVolson Wood was read by the Secretary, after 
which the reading of papers was taken up, as follows : 

The first paper was the report of the Committee on 
" Entrance Requirements for Engineering Colleges,'' 
which was read by Prof Frank O. Marvin, Chairman 
of the Committee. It received an extended discus- 
sion, in which the following professors took part, viz : 
Professors Merriman, Fava, Johnson, Mees, Bull, Gal- 
braith and Raymond. 

Professor William G. Raymond read a paper on 
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"The Scope of an Engineering College," which was 
followed by an animated discussion by Professors 
Allen, Flather, Fava, D wight Porter, Marvin, Ray- 
mond, and Mr. Kent. 

The paper by Professor Louis E. Reber on " The 
Present Requirements of American Engineering Col- 
leges in Non-professional Studies," was read by Pro- 
fessor F. O. Marvin. 

The meeting then adjourned to the afternoon session. 

AFTERNOON SESSION, 2 O'CLOCK. 

President Swain in the chair. 

Papers were read in the following order : 

A paper entitled " The Elective System as Adopted 
in the Michigan Mining School," by Professor Marsh- 
man E. Wadsworth, was read by Professor W. G. 
Raymond, and discussed by Professors Merriman, 
Galbraith, Ordway and Hofman. 

Professor Leander M. Hoskins' paper on " Graphic 
Methods in Engineering Education," was read by 
Prof Mansfield Merriman, and was discussed by Pro- 
fessors Johnson, R. S. Woodward, Merriman and Fava. 

A paper by Professor Ira O. Baker, on " Specifica- 
tions for Text-Books," was read by Professor J. B. 
Johnson. The President and Professors Marvin, 
Jacoby, Fava, Merriman and Allen took part in the 
discussion which followed. 

The afternoon's program concluded with a paper 
by Professor Charles H. Benjamin on "The True 
Place of Drawing and Shopwork in Engineering Col- 
leges," which was read by Professor Cady Staley. 
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Professors Spangler, Ordway and Higgins took part 
in the discussion. 

The following were appointed by the President to 
constitute the Committee on Nominations: H. S. 
Jacoby, S. N. WilUams, A. Kingsbury, H. K. Vedder, 
D. Porter. 

A reception at the United States Armory imme- 
diately following adjournment was attended by many 
of the members. 



Tuesday, September 3, 1895. 



MORNING SESSION, 9:30 O'CLOCK. 

The following recommended for membership by the 
Council were voted for by ballot and declared elected : 
William L. Ames, Charles S. Brown, Thomas Gray, 
Harry E. Smith. 

The program for the morning was taken up. Pro- 
fessor Bull's paper on "Graduation, Thesis and De- 
grees" was read by the author, and was in some sense 
a continuation of the papers by Professors Ricketts, 
Swain and Thurston of a year previous. A very full 
discussion was provoked by the paper, and in the dis- 
cussion Professors Johnson, Lanza, Gray, Wilhams, 
DooUttle, Marvin, Raymond, Merriman, Allen and 
Bull, and Mr. Kent took part. 

" Modified Requirements for Graduation of Students 
who have taken full Literary Courses " was the title 
of a paper by Professor Ira N. Hollis, which was read 
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oy Professor Flather, the discussion being by Professors 
Bull and Kingsbury. 

A paper on " The Comparative Value of Graduate 
Study in Engineering Courses," by Professor William 
H. Burr, was read by Professor Kingsbury and dis- 
cussed by Mr. Kent. 

Then followed the reading by Professor Allen, of 
Professor Lingan S. Randolph's paper on " The Eco- 
nomic Element in Technical Education." The discus- 
sion on this paper included remarks by Mr. Kent and 
Professors Flather, Galbraith and Kingsbury* 

"The Unsymmetrical Development of Courses in 
Engineering." May an engineering college with pro- 
fit allow one department to become highly developed 
at the expense of other departments? a paper by 
Professor Frederick R. Hutton, was read by Professor 
Johnson ; after which Mr. Elmer L. Corthell presented 
his paper on " The Civil Engineer of the Twentieth 
Century." The discussion of this paper by Professors 
Merriman, Johnson, Lanza and Raymond and Mr. 
Kent closed the literary exercises of the day. 

The Nominating Committee reported the following 
names in nomination for the Council : C. F. Allen, 
C. L. Mees, M. Merriman, J. M. Ordway, W. G. Ray- 
mond, C. Staley, R. S. Woodward. A ballot taken 
resulted in their election. The Committee was con- 
tinued to report nominations for officers of the Society 
on Wednesday morning. 

Announcement was made of the excursion to Hol- 
yoke, planned for the afternoon. 
• No session was held in the afternoon. Many mem- 
bers visited Holyoke, the special objects of interest 
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being the dam under construction, and the testing 
pit in operation. Other members found points of 
interest to visit in the city. 



Wednesday, September 4, 1895. 



MORNING SESSION, 9:30 O'CLOCK. 

Two new members recommended by the Council 
were balloted for and elected, Elmer L. Corthell and 
Elmer S. Farwell. On motion it was voted that a 
committee of five be appointed by the President to 
arrange a system of symbols for engineering text- 
books, looking toward a greater uniformity in such 
notation. 

A cordial invitation to hold the next annual meet- 
ing of the Society in Nashville, Tenn., was received 
from the Chamber of Commerce of that city, supported 
or endorsed by the Mayor, Board of Public Works, 
City Council and Tennessee Centennial. The Secre- 
tary was directed to reply to this invitation in a suit- 
able manner. 

The following ofl&cers of the Society were elected 
by ballot in accordance with the report of the Nomi- 
nating Committee : PresideTvt, Mansfield Merriman, 
Lehigh University ; Vice-Presidents, Frank O. Marvin, 
University of Kansas ; Cady Staley, Case School of 
Applied Science ; Treasurer, John J. Flather, Purdue 
University ; Secretary, C. Frank Allen, Massachusetts 
Institute of Technology. 

The program arranged for was taken up and the 
following papers were presented : 
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Professor Carl L. Mees read his paper on "A Course 
of Study in Physics," and Professors Galbraith, Merri- 
man, Kingsbury and Mees entered into the discussion. 
This was followed by Professor Charles L. CrandalFs 
paper on "A General Course in Civil Engineering," 
what professional studies should be included in a four 
years' course in civil engineering, and how much time 
should be given to each, when no specialized courses 
in civil engineering are offered. This was briefly dis- 
cussed by the President. 

A paper on " Sanitary Engineering," as part of a 
series of discussions on "Civil Engineering in Special- 
ized Courses," was read by the author, Professor 
C!harles C. Brown. This was discussed by Professors 
Galbraith, Marvin, D wight Porter and C. C. Brown. 
Then followed the reading of Professor Mansfield 
Merriman's paper on "A Specialized Course in Geo- 
detic Engineering," and the paper on "A Course in 
Astronomy for Engineering Students," by Professor 
<jreorge C. Comstock, which was read by Professor 
Johnson. Both of these papers were included in the 
discussion which followed, and in which Professors 
Marvin and Allen took part. 

The paper on "A Course of Study in Mechanics," 
read by the author, Professor Robert S. Woodward, 
provoked earnest discucsion, in which Professors Gal- 
braith, Mendenhall, Merriman, Johnson, R. S. Wood- 
ward and Mr. Kent joined. This was followed by 
the last paper of the morning, "A Course in Biologi- 
<5al Sciences for Engineering Students," by Professor 
Christopher W. Hall, which was read by Professor 
Jacoby. • 
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AFTERNOON SESSION, 2:30 O'CLOCK. 

The regular program was at once taken up. 

The first paper was presented by Professor H. W. 
Spangler on "Mechanical Engineering/' subjects to 
be treated and time given to each. 

Professor Heinrich O. Hofman's paper on "The 
Equipment of Mining and Metallurgical Laborato- 
ries" was read in abstract by the author. The Presi- 
dent at this time called the attention of the members 
to the desirability of securing a larger membership 
fix)m among the representatives of the Mining and 
Electrical Engineering Courses. 

Professor John B. Johnson read his paper on "A 
Course of Instruction in Engineering Materials/' 
which was discussed by Mr. Kent and Professors Gal- 
braith and Merriman. A paper entitled "Teaching 
Industrial Applications of Electricity/' by Professor 
George D. Shepardson, was then presented. This was 
followed by the last paper of the session, " A Course 
in Mining Engineering/' which was read and carefully 
discussed by Professor Hofman. 

The President appointed as the Committee on Uni- 
formity of Symbols for Engineering Text-Books, I. O. 
Baker, J. B. Johnson, Wm. Kent, J. Galbraith, F. R. 
Fava, Jr. 

A vote of thanks was passed to the Citizens' Com- 
mittee and to the Holyoke Water Power Company for 
courtesies received. 

The Society also unanimously passed a vote of 
thanks to the retiring Secretary for his indefatigable 
energy and his valuable services to the Society. 
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A motion to adjourn, which waa carried, closed the 
meeting. 

The sessions were well attended and the papers were 
received with interest and discussed with vigor. 

J. B. Johnson, . /Secretory. 



Bbpobt of the Srcbbtabt. 

Your Secretary begs leave to submit the following report 
for the past year : 

There were, at the dose of the last meeting, 156 members. 
There have been received daring the year, 28 applications foF 
membership, and many more will doubtless be received at 
this meeting. It is probable, therefore, that our numbers will 
thus be raised to over two hundred. Most of these are pro- 
fessors in our leading engineering schools, all such schools 
being represented, I believe, by one or more members. 

The interest taken in our work is attested by the remark- 
ably full and strong program of papers to be read at this 
meeting. There is no question now as to the importance of 
the work this Society has set itself to i>erform. It is nothing 
leas than shaping the future of technical education, not only 
in America, but by example to all the world. The published 
volumes of our proceedings have a considerable sale abroad, 
and the engineering education therein outlined has recently 
been the subject of a stirring paper and an extended discus- 
sion before the leading Society of Engineers and Architects of 
Ctormany. They are finding out that they have many things 
to learn firom us, especially in the matter of experimental and 
laboratory methods. 

While the Society has passed another year and paid all its 
bills without raising the annual dues, yet the entrance fees of 
three dollars each have been devoted to current expenses. As 
these will diminish in number, while our expenses will in- 
crease with the natural increase in the size of our volumes, it 
is certain that the annual dues will ultimately have to be 
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raised to three dollars. If our expenses can be limited to the 
necessary oatlay for stationery, printing and postage, as at 
present, the sum of three dollars annual dues will probably 
suffice to give us our proceedings in cloth-bound volumes in- 
definitely. 
There were printed and bound 500 copies of Vols. I. and II . 

and we still have on hand about 300 copies of Vol. I. and 280 
of Vol. n. 

The great amount of matter offered at this meeting has been 

commented on, and some may feel that it is burdensome. 

But since the matters discussed are now live questions in 

nearly all engineering schools, on which we may say we have 

as yet no settled policy, and on which many of us are seeking 

ihrther light and argument, it would seem to be our duty to 

patiently devote ourselves to their solutions and to contribute 

to the discussions whenever we feel that we can add a helpful 

word. 

Eespectfully submitted, 

J. B. Johnson, Secretary, 



Bepobt of thb Tbeabxtkbb. 

The Treasurer of the Society begs leave to report as follows 
for the year 1894-1895 : 

The total receipts during the year have been $661.13, the 
expenditures $566.06, leaving a balance in &vor of the Society 
of $95.07. 

The Treasurer deems it his duty to point out that the annual 
dues of $2.00 will not in the future be sufficient to pay the 
current expenses of the Society. During the year just passed^ 
80 new members were added and these, in addition to the an- 
nual fee of $2.00, paid each their initiation fee of $3.00. This 
is the reason why the Treasurer is in position to report a bal- 
ance in &vor of the Society. However, it is impossible to 
have such an increase in the membership in the future ; con- 
sequently in order that the Society shall be able to pay its ex- 
penses, it will be necessary to raise the annual dues. The 
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Treasurer recommends that these dues be raised from $2.00 to 
$3.00 a year, which raise, he thinks, will be sufficient for some 
.time to come. 

Thirteen dollars have been paid into the Treasury for fees 
not yet due. To compensate for this some members have not 
yet paid their dues for the year just closing, and also for the 
year before. The total amount of these dues is $76.00, of 
which amount $30.00 cannot be collected. 

Eight dollars is due from -one member of the Society for 150 
extra copies of his paper read at the Brooklyn meeting. 

A condensed statement of expenditures and income is at* 
tached to this report. 

Respectfully submitted. 

Storm Bull, Trecaurer. 

Statement of the Treasurer of the Society for the Promotion 
of Engineering Education for the year 1894-1895 : 

Income. 

Balance on hand August 20, 1994 $18.81 

Initiation fees 244.00 

Annual dues 294.00 

From sale of Vols. I. and II 109.82 

Total . .• $661.18 

EXPBNDITUBES. 

Postage $82.21 

Stationery and tyx>ewriting 20.15 

Printing of Vol. II 801.00 

Printing of circulars, etc 185.80 

Freight and expressage 15.90 

Badges (Brooklyn) 10.00 

Exchange on checks 1.50 

Total $566.06 

Balance on hand September 1, 1895 96.07 

$661.18 
Storm Bull, Treasurer. 
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BePOBT of THB AuDITINO Ck)MMITTEE. 

The Sogibty for the Promotion of ENGnrEEBiNG Education. 

Springfield, Mass., 

Sept. 3, 1895. 

We have this day examined the accounts of the Treasurer of 
this Society and find them to be correct. 

John J. Flather, 
Albert Kingsbury, 

Auditing Committee. 



ADDRESS BY THE PRESIDENT. 

PROFESSOR GEORGE F. SWAIN. 

The Society for the Promotion of Engineering Edu- 
cation meets to-day to hold its third annual conven- 
tion, and rarely, I believe, has a society within the 
brief time of two years sprung into such vigorous, 
healthy existence, or attained such wide-spread in- 
fluence. When our organization was effected in Chi- 
cago, but two years ago, there were in attendance 70 
teachers of engineering, who at the close of that con- 
vention enrolled themselves upon the lists of the 
Society. This was, comparatively, a large number 
with which to begin our work ; yet so rapid has been 
our growth, that within one year our numbers had 
increased to 156, and at the present time there are 
before us 28 appUcations for membership. 

Our numbers must naturally always -be much 
smaller than those of the great professional or educa- 
tional societies, since our field is more limited ; but in 
view of our rapid growth during the past two years^ 
we certainly have reason to hope that within a short 
time we shall not only have represented among us 
every school in the United States and Canada which 
teaches engineering or any of the technical professions, 
but that ove.y tether of p«>minenoe in L eounfy 
who is working in these lines will be enrolled upon 
our list of members. 

This rapid growth shows conclusively that the So- 
ciety has a mission — ^that it fills a need hitherto un- 

(13) 
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supplied ; and we may well pause a moment, at this 
time, to consider what the objects of the Society are, 
and what results it may be expected to accompUsh. 

The first and most important object of the Society 
appears to me to be to enhance the reputation and 
influence, and even to formulate more definitely the 
existence of the profession to which we belong — ^the 
profession of engineering teaching. It is sometimes 
lost sight of, I think, that this is a profession at all. 
In the case of the classics, or in pure science, the fact 
is recognized — ^though not so generally as we could 
wish — ^that teaching is in itself a profession; but in 
the case of appUed science, especially, it is too often 
assumed that the successfiil or experienced practitioner 
will necessarily be the successful instructor, and that 
teachers in these branches have little or nothing to do 
with questions of pure pedagogics. Unfortunately, it 
is only too true that professors in technical colleges 
have hitherto, as a rule, manifested little interest in 
questions • of the science of education. In fact, we 
have, I think, made the mistake of considering our 
work as a branch of engineering, and of looking upon 
ourselves — ^not as educators — but as engineers or other 
practitioners, engaged for the moment, or for a portion 
of our time, in teaching. 

The principles governing the teaching of applied 
science must be in general the same as those govern- 
ing the teaching of other branches. Details, of course, 
may be difierent, but all educators, of whatever grade, 
must have much in common professionally, and must 
stand upon the same foundation. Yet few of us, I 
am sure, have felt that our professional place was in 
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the various organizatdons of teachers, or that it was 
our professional duty to attend educational conven- 
tions, or to study and discuss matters relating to the 
theory of teaching. Many of us are members of one 
or more engineering or other technical associations; 
I wonder how many of us, before this Society was 
organized, were members of any educational associa* 
tion, or how many of us realized the advantage of 
cooperation with other teachers — such as those in the 
preparatory schools, upon whom we depend to give 
the student the training preparatory to our work, and 
with whose work our own must be closely connected. 

This condition of things is, in my opinion, extremely 
unfortunate ; and it has had the distinct tendency to 
lower the standing and to detract from the influence 
of the profession of teaching. No other profession, in 
comparison with the importance and value of ite work 
— ^to the public, to the coming generation and to the 
State — ^is so poorly paid ; in no other profession will 
men of equal ability work for such small material 
recompense. The fault is partly with the pubUc, 
partly with our technical brethren, partly with our- 
selves. We have been ashamed to come out in our 
true colors, to stand for what we really are. We have 
in a measure deceived ourselves, our students and the 
pubUc. It matters not if things are just as bad in 
other institutions, it matters not if doctors and lawyers 
do not study the science of education — ^it is only so 
much the worse for their teaching. 

We should recognize, and we should force others to 
recognize, that in engineering educatiouy the important 
— ^the controlling — factor is educaiion^ not engineering; 
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and if we wish to attain the truest success, we should 
seek to make ourselves first of all teachers, then engi- 
neers or practitioners to as great an extent as circum- 
stances will permit ; not primarily practitioners and 
secondarily teachers. 

If we neglect to recognize these principles we run 
the risk, notwithstanding our vastly greater facilities 
and our labor-saving methods, of making our educa- 
tional work less substantial and permanent than that 
of our predecessors, many of whom, while in no sense 
engineers, were most excellent teachers,- to whom their 
students owe a greater debt of gratitude than they 
have ever realized. 

There is a tendency in our technical schools — ^a 
tendency very difficult to resist in these days of ap- 
plied science, and when competition is not limited to 
commercial enterprises — ^a tendency to subordinate 
the educational element to the engineering element — 
a tendency to make the school partake more of the 
character of an engineering establishment and less of 
the character of a purely educational institution. 
There is a great temptation to treat the students as 
though they came to us with minds already trained 
to think accurately and correctly; whereas, on the 
contrary, we all know that the principal work which 
we ought to do in any of our engineering schools is to 
teach the student habits and methods of thought, to 
teach him how to use his tools by drilling him upon 
principles rather than instructing him in matters of 
practice and detail ; to make thinkers, not engineers. 
Some of us are trying to cover too much ground, to 
give the student more than he can master, because he 
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has not yet learned thoroughly how to use his mental 
apparatus. 

The tendency to which I have referred — ^toward 
engineering at the expense of education — ^is apparent 
to me in various ways. It shows itself, for instance, 
when a laboratory is used to carry out commercial 
tests with the aid of the students, or when it is con- 
ducted, not with the simple purpose of illustrating 
principles and of teaching students how to use appa- 
ratus and conduct tests, but for the purpose of carry- 
ing on elaborate investigations involving much repe- 
tition of the same operation; it shows itself in the 
increasing use of courses of lectures or single lectures 
by outside practicing engineers, a Umited number of 
which are useful as lending interest to the subject and 
imparting enthusiasm to the students, but which in 
themselves may have, and, I think, frequently do have, 
httle or no educational value, though, perhaps, great 
engineering value; it shows itself sometimes in the 
character of graduating theses, which are chosen, not 
so as to be of the greatest benefit to the student, but 
to solve some problem which the instructor desires 
investigated, or to cover ground which the student is 
not properly capable of covering ; and it shows itself 
sometimes in the selection of teachers of engineering 
and other branches of applied science, not with regard 
to reference or abiUty in teaching— often entirely in- 
dependent of this, and sometimes without reference to 
thoroughness of training — ^but on the basis of skill or 
experience in practice. 

Let me not be misunderstood as disparaging the 
value of practical experience to the teacher of engin- 
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eering. On the contrary, I believe that every such 
teacher should have had some practice, not necessarily 
a large amount, but certainly enough to develop fully 
what may be called the practical and economic sense. 
A teacher of appHed science, hke any other teacher, 
must, of course, first of all know what he is to teach — 
though knowledge to an extent far beyond the lim- 
its of the instruction given is not necessary to good 
teaching ; but applied science differs from many other 
branches in that a thorough knowledge cannot be 
gained from books alone, but requires a practical 
famiUarity with materials, instruments and methods. 
Neither should I be understood as saying that a good 
practitioner will never make a good teacher, which, of 
course, no one would assert. But I believe that the 
habit of mind involved in the practice of engineering 
or other appUed science is very different from that re- 
quired in teachmg; and long experience in practice 
is, in my opinion, likely to be detrimental rather than 
conducive to success in education. 

The young man who desires to devote himself to 
the teaching of engineering should therefore avoid a 
too long apprenticeship in practice, but should rather 
aim to continue a certain amount of practice along 
with his teaching, for in this way will he best keep in 
touch with engineers and with the practice of the day, 
and avoid Mling into a rut. Moreover, he will be 
able to lend more variety and interest to his instruc- 
tion, and will be more respected by his students. In 
the present condition of the teaching profession, it is 
no doubt sometimes necessary for a man fresh from 
practice to be put in charge of a department of instruc 
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tion ; but I trust that the time is coming when the 
quality of teachers — especially younger teachers — 
in our technical colleges will be such, and when more- 
over the appreciation of the value of education in 
engineering, and the desire to attain the truest and 
highest success on the part of those in charge of these 
institutions mil be such-that a young man who, in 
the right way and with the proper preparation, devotes 
himself to the teaching of engineering as a profession 
will feel himself securely in the hne of promotion to 
any position for which his natural abiUties quaUfy 
him, and will not fear that after years spent in teach- 
ing he is likely to be superseded by a man fresh from 
the shop or the field. If engineering teaching is a 
profession, as I believe it is, there is no more inherent 
reason why a man should jump in at the top than 
there is in the law, or in medicine, or in any kind of 
business ; and, if he does, it will involve a similar loss 
of time while he is adjusting himself and learning his 
new profession, besides being accompanied by a similar 
uncertainty as to whether, after he has learned it, he 
will be successful in it. And it must be emphasized 
that the success of a teacher, like that of a school, 
is not measured, in its truest and highest sense, by 
the number of students which he is able to attract, or 
by the completeness of the equipment, which he is 
able to devise, but by the quaUty of his instruction, 
the real benefit derived by the students, and the 
changes wrought in their minds, which constitute the 
raw material upon which the teacher works. 

And it is worthy of remark, that in other profes- 
sional schools — of law and of medicine— where it has 
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generally been the custom for the professors to be 
active practitioners, there has been in recent years, if 
I mistake not, some change of feeling, and a growing 
recognition of the fact that the best instruction may 
be given by men who are not and have never been in 
active practice, but whose time has been devoted to 
research and study. These schools, however, are not 
properly comparable, in many respects, with colleges 
of engineering. 

The tendency to attribute overmuch importance to 
engineering practice in the education of the student 
is due, I think, in the first place to mistaken notions 
on the part of students and parents, who deceive 
themselves with the idea that a technical college can 
make a finished engineer, particularly if its teachers 
are practicing engineers ; and who are attracted by any- 
thing of a practical nature. It is further due, I think, 
partly to the influence of practical engineers, many of 
whom, strangely enough, even though eminent, seem 
to be among those least capable of appreciating the 
importance of the educational element. After being 
in practice for some years, they realize that there are 
many facts, methods and details, which they did not 
learn in the college, and which they have been obliged 
to discover by experience — sometimes by costly ex- 
perience — ^and because these have been of service to 
them, while some of the principles of the calculus 
have never been applied directly in their practice, 
they fail to realize the importance of the latter, not 
only as a means of mental discipline, but as a means 
of arriving at results of practical importance. We 
seem to recognize readily the elements which have 
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been lacking in our training, while at the same time 
we may fail to recognize more important elements 
which have contributed to our success. Our deficien- 
cies force themselves upon our notice every day, while 
our acquirements seem matters of course. We long 
for the things that we do not possess, and fail to real- 
ize what we have. For this reason, doubtless, men 
who have attained eminence in engineering, without 
having had the benefit of a thorough technical train- 
ing, have proved, as a rule, in my own experience, 
sounder in their appreciation of matters of technical 
education than technical graduates. It is only by 
teaching, however, by watching and studpng the de- 
velopment of the mind of a child or boy, that the 
proper perspective can be gained, and the relative 
value of the difierent elements in education de- 
termined. 

I believe that in some of our technical colleges there 
is too great a tendency to defer to the ideas of prac- 
ticing engineers rather than to those of teachers. For 
my part, I firequently hear suggestions firom practicing 
engineers as to courses and methods which eveiy ex- 
perienced engineering teacher would know to be un- 
wise and perhaps impracticable; and the assurance 
with which these suggestions are made, shows clearly 
that the speakers fail utterly to recognize that experi- 
ence in teaching may be necessary before coming to 
definite conclusions on such matters. The difficulty 
is that these men are thinking about engineering, not 
about education. Their opinions on matters of educa- 
tion may have no more claim to serious consideration 
than my own opinions as to the law. 

4 
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It is suggestive, in this connection, to contrast our 
colleges at the present day with their laboratories, 
their large force of teachers, and their great facilities 
in every line, and those of twenty-five years ago, with 
poorly equipped laboratories or none at all, and with 
few instructors, and those frequently pure mathema- 
ticians or theorists, with no experience or standing 
as engineers or practitioners. We may well ask our- 
selves whether the success, the usefiilness, the rapidity 
of advancement '.of the graduates are proportiondtely 
greater to-day than in the past? I sometimes feel that 
the true answer may be in the negative, and that we 
may be using our greater facilities, not to save time, 
not" to enable more training and a broader foundation 
to be given in the same time as formerly ; but as ends 
in themselves, as means of teaching much that can 
better be learned elsewhere and later, or as means 
of carrying up the educational superstructure higher 
upon the same foundation, or, perhaps, even upon a 
narrower foundation than heretofore. Most of the 
middle-aged engineers and engineering teachera of 
to-day had no academic training in hydraulic, steam, 
or testing laboratories, and no instruction at all to be 
compared in extent to what is now offered in many of 
our schools, yet they have been able to bring our in- 
dustries and our schools to their present high state of 
development. They did have, however, a training in 
those principles equipped with which any man of 
character, perseverance and average ability is bound 
to succeed, and without which no smattering of engi- 
neering details and practice, or of laboratory methods, 
will bring a man success of the highest kind. In 
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these days, when science is advancing so rapidly that 
we know not what the morrow may bring forth, it is 
more than ever important, as our educational faciUties 
are increased, first of all to broaden the foundation, 
then to carry up the superstructure higher. 

My plea, then, is for the teacher, and it appears to 
me, as I have already stated, that the principal object 
of this Society is to increase among engineering teach- 
ers an interest in questions of pure education and to 
compel a recognition abroad of the profession to which 
we belong. In the furtherance of this object, and 
that we may better qualify ourselves for our work, we 
meet each year to consider means and methods of in- 
struction and all the pedagogical questions involved 
in teaching applied science. Let us not forget that 
we are here to discuss education, not engineering. 
By learning from each other and keeping informed 
of what others are doing, we may not unreasonably 
hope to raise gradually the whole standard of techni- 
cal instruction and to effect still greater economies 
of time. 

By united action, too, we may effect some modifica- 
tions in standards, although it does not seem to me 
that it is our proper function to do much in this 
direction. Engineering societies may adopt and bring 
into acceptance standard dimensions and rules, but 
education offers few opportunities of this kind, while 
individuality in teaching and in institutions is to be 
encouraged and not discouraged. Probably the most 
promising field open to our Society in this direction 
is in regard to entrance requirements, and we may 
perhaps hope to exert a favorable influence upon pre- 
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paratory schools, in securing more thorough and uni- 
form training than is now offered to students prepar- 
ing for technical colleges. Possibly we may also se- 
cure a greater approach to uniformity in the entrance 
requirements of the technical colleges themselves* 
The Committee on Entrance Requirements, appointed 
at our last meeting, has since that time done a large 
amount of work, and will present a report of progress 
at this meeting, to which I invite your closest atten- 
tion. The work to be done in this direction cannot 
be done in one year, and the Committee should have 
ample time given it to do all that it finds reasonable 
to accomplish. 

Let us, then, enter upon the work of the Society 
^th zeal and energy, feeUng that it representa our 
chosen profession, for the advancement of which, ma- 
terial as well as otherwise, our best efforts should be 
given. 



ENTRANCE REQUIREMENTS FOR ENGINEERING 

COLLEGES. 

REPORT OP THE SPECUL COMMITTEE. 

To the Sodely for the Promotion of Engineering Edvr 
cation: 

Your Committee on Entrance Bequirements, ap- 
pointed at the Brooklyn meeting, presents the fol- 
lowing report: 

The Committee, after consultation by correspond- 
ence, issued two circulars (see page 34) asking for cer- 
tain facts and expressions of opinion on certain matters. 
One of these circulars was sent to the president of every 
college in the United States and Canada known as offer- 
ing instruction in engineering of some fprm and grade, 
the desire being to obtain information at first hand in 
regard to entrance requirements and the college pol- 
icy concerning them. When no replies were received 
within a reasonable time, dupUcate circulars were sent 
to some instructor of engineering at the institution. 
Up to the present time, 55 out of over 100 colleges that 
teach engineering have sent in replies. 

The other circulars were sent to the principals of 
about 500 preparatory schools, high schools, acade- 
mies and manual training schools, situated in all parts 
of the country, which had been selected as typical 
schools by either a president or professor of a college 
located in the same district and drawing students from 
them. Thus far 148 replies to these circulars have 
been received. The details connected with the is- 

(25) 
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suance of the circulars and the collection of replies, 
together with matters of correspondence, have been 
cared for by Dr. H. W. Tyler, the Secretary of the 
Committee. 

During the sununer, the college material collected 
has been studied by the chairman of the committee, 
and the material from preparatory schools has been 
worked over by Prof J. P. Jackson. 

The requirements for admission to 109 colleges 
teaching engineering in some form have been tabu- 
lated in detail fix>m catalogues and the circulars, the 
colleges being grouped in five divisions by states, viz: 
Canada and New England, the Eastern, the Central, 
the Western and the Southern States. The States 
comprising the first group are those of New England 
and all of Canada. Those of the Eastern group are 
New York, Pennsylvania, New Jersey and Delaware. 
Those of the Central group are Ohio, Indiana, Illinois, 
Michigan, Wisconsin, Minnesota, Iowa and Missouri. 
Those of the Western group are the Dakotas, Nebraska, 
Kansas, Texas, Montana, Wyoming, Nevada, Idaho, 
Utah, Colorado, Arizona, CaHfomia, Oregon and 
Washington. Those of the Southern group are Mary- 
land, Virginia, West Virginia, Kentucky, Tennessee, 
Arkansas, North Carolina, South Carolina, Georgia, 
Florida, Alabama, Mississippi and Louisana. Another 
tabulation shows the different subjects required for 
entrance, with the number of colleges in each group 
making the requirement. The same matter is shown 
again in a sUghtly different and more condensed form. 
(See Table A on page 39.) 

The fifty-five repUes to circulars have also been 
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tabulated in detail, with further tabulations under 
each head in condensed form. These replies are well 
distributed among the different geographical groups 
and the several grades of colleges, so that they are 
representative as far as they go. It is to be regretted, 
however, that a larger number of replies has not yet 
been received, and that some of those received are not 
more full and detailed. 

The material so far collected, relates to two classes 
of questions, viz : questions of fact and those of opin- 
ion. Attention is called to some points connected 
with each of these. Out of 109 colleges, 13 publish 
no requirements, 9 of these being in the South, 26 per 
cent, of all colleges require evidence of good morals, 
53 per cent, require some age qualification, ranging 
from 14 to 18 years as a minimum, with 18 per cent, 
requiring 15 years and 28 per cent, requiring 16 years. 
The New England, Eastern and Central States are 
strong in mathematical requirements, about 55 per 
cent, in each of these groups requiring algebra through 
quadratics and plane and soUd geometry, or more; 
while in the West and South, only 24 per cent, and 4 
per cent, respectively, require the same amount. The 
Central States are much stronger in science require- 
ments than the other groups, especially when the 
opportunities offered to candidates by way of options 
are considered; 14 colleges require an average of over 
3 science subjects, while 7 colleges offer additional 
options averaging over 3. In advanced English re- 
quirements, the New England and Eastern colleges 
are strong^ with percentages of 63 and 70 respectively, 
with the Central, Western and Southern groups follow- 
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ing, with 55 per cent., 44 per cent, and 24 per cent, 
respectively, requiring such work. In foreign lan- 
guage requirements the Central group is the strongest, 
with the Eastern group a good second, followed by 
New England, the West and the South. Note that 
drawing is required by only 10 per cent, of all the 
colleges and that the larger part of these are in the 
Central or Western States. 

Ah innovation appears in the requirement of one 
year's manual training by the University of Nebraska ; 
and one year's practice in engineering, manufacturing 
or architecture, by the School of Practical Science at 
Toronto. The latter, however, affects only a small 
number of students who enter short of full matricula- 
tion. Note, also, that in three colleges (Princeton, 
University of Missouri and University of California), 
a failure in mathematics excludes a candidate from 
entrance, while at Cornell, University of Nebraska 
and University of Texas, a failure in English acts as a 
similar bar. 

As would be expected from the newness of the 
country or its condition of non-development, the larger 
number of colleges with low grade requirements are 
found in the South and West. There is evidence 
here, however, of rapid growth and development, while 
there are a few colleges in each of the groups that will 
rank with the best of other groups as to requirements. 

There are some changes going on in the require- 
ments, as indicated by the catalogue announcements. 
The most marked is in English, the tendency being 
away from formal grammar and toward securing a 
better use of language and some knowledge of litera- 



ENTRANCE REQUIREMENTS. 29 

ture. The New England requirements are appearing 
in many of the college pubUcations. They have been 
adopted entirely or substantially by seven colleges in 
New England, by five colleges each in the eastern 
and central groups, and by one each in the western 
and southern groups, with indications of further ex- 
tension. Many colleges use part of the New England 
requirements. This furnishes a good illustration of 
the influence of inter-collegiate action when based on 
a felt want. 

In mathematics, the tendency is to require algebra 
through quadratics and plane and soUd geometry, 
and some of the catalogues of '94 and '95 announce 
changes in accordance with this. 

In foreign language work, colleges announce either 
an addition or an increase of requirement. 

Little change is announced in History, Science or 
Drawing. 

What has gone before is based on a study of the 
latest issues of catalogues of 109 colleges and is prac- 
tically complete. What follows is based on the 55 
replies to our circulars to colleges and must be taken 
as incomplete, though representative as far as it goes. 
As to conditions, 3 colleges report no regulations ; 2 
say that none are allowed ; 6 allow one condition ; 5 
allow two conditions ; 9 allow three conditions ; 7 say 
that the number allowed is variable with each case ; 
2 allow some indefinite number ; 3 allow some indefi- 
nite number to be made up in the preparatory depart- 
ment ; 5 allow none in Mathematics ; 6 none in Eng- 
lish ; 1 none in Physics ; 2 allow conditions in modem 
language only ; 1 allows conditions not exceeding six 
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periods of work per week. The practice of our col- 
leges concerning the removal of conditions is as vari- 
ous as the above. Five colleges require them to be re- 
moved within three months ; 4 within one-half year ; 
10 within one year; 1 within two years; 1 as soon as 
possible; 4 before matriculation is allowed; 2 allow 
them to be removed by good class standing ; 1 requires 
examination aa soon as the candidate is reported ready 
by an approved tutor ; 1 requires them to be removed 
at once, i. e. before advanced work is taken. (See 
Table B on page 40.) 

An attached tabulation will show in condensed form 
the extent of the practice of admission by certificate, 
and opinions as to ite working and its extension by 
inter-collegiate action. (See Table C.) The replies 
under this head show that while the practice is quite 
various, nearly all of the correspondents are satisfied 
with their own plan. Those who receive on certificate 
are as well satisfied as those that accept on examina- 
tion only. The number of reports is not sufficient 
to draw general conclusions. Yet there appears on 
the face of the returns, a leaning in New England, 
the Eastern and the Southern States, toward the ex- 
amination plan, in the latter cases due to a lack of 
proper secondary schools and in the former cases to 
the age, traditions, strength and prestige of the stronger 
colleges. In the Central and Western States, the de- 
velopment of the State Universities as parts of State 
systems, with relations to the secondary schools some- 
times regulated by law, gives to nearly all colleges in 
those sections a strong tendency to the certificate plan. 
Such dissatisfaction with the method as has been ex- 
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pressed, seems to come from a too firee use of the system 
Jrithout proper restrictions. Correspondent from such 
pointe want restriction rather than extension, and be- 
lieve that inter-collegiate action would help them to 
that end. These are included with the avowed oppo- 
nents of the certificate plan, under the head of "no 
extension desired " in the tabulation. Some of the re- 
plies indicate that such help as can be given by inter- 
collegiate action is very much desired in regulating 
«to£ion by certiflcat^while others either see dange? 
in extension or desire it only to a limited extent. It 
is somewhat significant, however, that out of 55 col- 
leges, 34 should report the plan of accepting certificates 
as practiced by them as more or less satisfactory. 

No attempt has been made at a comparative study 
of the rules governing the acceptance of certificatJ 
The incomplete returns and the meagre statements 
made in many cases, would make such a comparison 
of little value at the present time. Some of the col- 
leges seem to have no rules, acting according to the 
faculty judgment in each case as it comes up. Some 
accept students on the certificate of the principal of the 
preparatory school to the extent of the ground covered, 
be it much or little, while others require the comple- 
tion of an entire course. With some the presentation 
of the diploma is suflicient, while others require a de- 
tailed certificate from the principal showing the text 
used, the time given and the ground covered for each 
subject, and further certifying to the completion of a 
course of study, and expressing a favorable opinion as 
to the proper preparation of the candidate for admis- 
fiion. Very few of the colleges reporting, have clear, 
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definite statements of their methods of commissioning 
or accrediting schools and their rules for maintaining 
the relation. 

The opinions received on the matters of uniformity 
of requirements, considerations causing changes in re- 
quiremente, the assistance that can be given prepara- 
tory schools by engineering colleges, and the changes 
desired in entrance requirements, are shown in abstract 
by the attached tables. (See tables D., E., F. and G.) 
22 correspondents think uniformity desirable, while 
10 consider it not desirable. 7 think it practicable, 
10 practicable to a limited extent, 16 impracticable, 
while 5 deem it of Uttle or no importance. 

Forty-two per cent, of those reporting are governed 
by the condition of the preparatory schools in making 
changes, including about 50 per cent, of those in the 
Central, Western and Southern States. 

The changes in requirements that seem to be the 
most largely desired, are advances in Mathematics, 
the addition of some science, mainly Physics and 
Chemistry, more or better work in English, and the 
addition of some work in foreign language, chiefly 
French or German. 

The material received from the preparatory schools, 
about 150 in number, has been tabulated in detail, 
but owing to its amount and the lack of suflScient 
time for its thorough study, no condensed statements 
have been made concerning the existing courses of 
study. Of the replies to the circulars, about one-third 
came from New England. From some parts of the 
country the repUes are not numerous enough to be 
thoroughly representative. The circulars from the 
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preparatory schook are more fall and satisfactory than 
those received from the colleges. The opinions ex- 
pressed indicate something of a general law, while the 
replies from the colleges are often scattering. 

Of the schools reporting, 70 per cent, do not advise 
any additional preparation before the student enters 
the technical college, while 25 per cent, do so advise. 

In New England and the Eastern States, the larger 
number of schools feel able to advance their courses 
of study to some degree, while in the other groups the 
larger number say that they can make no advance. 
The advisability of such an advance is expressed by 
the larger number of schools in the New England 
group only. Seventy-one per cent, of all the schools 
consider that uniformity of college requirements, or 
their assimilation, would be of aid to them, 6 per cent, 
consider that this would be of no assistance, while 14 
per cent, are satisfied with present conditions. Thirty- 
six per cent, of school correspondents think that the 
certificate plan should be extended, 13 per cent, that 
it should be extended with caution, 30 per cent, that 
it should not be extended (nearly all opposed to the 
system), 5 per cent, think extension immaterial, while 
1 per cent, advocate a combination of certification and 
examination. 

The repUes to the school circular are shown in a 
condensed form in an attached table. (See Table H). 

Your committee regrets the necessity of presenting 
this incomplete and unsatisfactory report. Various 
causes have contributed to the situation; the busy 
professional life of each of its members ; our inability 
to get together for consultation and the necessity of 
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arranging all matters by correspondence ; our not be- 
ginning our work until about January 1st, for which 
the chairman assumes the responsibility ; the gaps in 
the returns to our circulars ; and last, but not least, the 
absence of Dr. Tyler in Europe for the summer. It 
is but just to the latter to say that he offered to resign 
his place on the committee, but we were not wilUng 
to lose his service and counsel. 

The committee has purposely refrained from doing 
more at this time than to present the facts so far ob- 
tained, and in view of the importance of the matters 
entrusted to it, asks to be continued in its somewhat 
arduous duties for another year, if the Society so de- 
sires, so that the subject may be given the attention 
and study that it merits. 

Respectfully submitted, 

F. O. Marvin, 
Mansfield Merriman, 
J. J. Flather, 
J. P. Jackson, 
H. W. Tyler. 

CIRCULARS SENT TO COLLEGES. 

SOCIETT FOB THE PROMOTION OF ENGINEERING EDUCATION. 
committee on ENTRANCE REQUIREMENTS. 

Boston, April 1, 1895. 
Dear Sib ; At the last annual meeting of the Society for 
the Promotion of Engineering Education (which now IncludeB 
members of seventy-eight engineering colleges, or depart- 
ments), a special committee was appointed to examine the 
general subject of Entrance Requirements, and report at the 
next annual meeting of the Society. As the report of the 
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Committee of Ten and other causes have attracted much at* 
tention to this important subject, and as the interests of scien- 
tific schools should be carefully considered in the general re- 
vision of preparatory school programs which is likely to en- 
sue, it is the desire of the committee to obtain full informa- 
tion in reply to the appended questions. 

The committee hopes to make the results of its investiga- 
tions of general use by publication in the Proceedings of the 
Society, and respectfully urges that your answers be made as 
complete as possible. Very truly yours, 

F. O. Marvin, 

Professor of Civil Engineering^ University of Kansas. 
Mansfield Merrikan, 

Professor of Civil Engineering^ Lehigh Universiiy. 
J. J. Flatheb, 

Professor of Mechanical Engineering^ Purdue University. 
J. P. Jackson, 

Professor of Electrical Engineering, Pennsylvania Stale 
College. 
H. W. Tylbb, 

Secretary, Massachusetts Institute of Technology. 

Committee. 

Note. — ^This circular is Bent to the head of each school or ooUege known 
to giye InBtruction In engineering. Where each instruction is not the main 
function of the institution, replies should be given for the department rather 
than for the school as a whole. 

Please send replies to this circular to 

H. W. Ttleb, MasMchusdts InstUtUe of Technology, Boston^ Mass. 

L Present Entrance requirements. In addition to the catalogue, 
copies of examination papers actually used are desired, also a 
general statement as to number of conditions allowed and reg- 
ulations governing their removal. 

n. Ouinges of requirements, (a) What (educational) con- 
siderations guide the college in making or not making 
changes? 

(6) In what direction and to what extent are changes de- 
sired or desirable ? 
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III. Uniformity of reqmremerUa. To what extent is it desir- 
able and practicable that the requirements for admission to 
differerent engineering colleges be assimilated, t,e., in the sense 
that requirements in a given subject should be identical in 
kind, but not necessarily in extent? 

IV. Preparaiory Schools. What assistance, if any, can be 
rendered to preparatory schools b^ the engineering colleges — 
for example, by cooperative action? 

Y. Admission by certificate, (a) To what extent does this re- 
place examinations? 

(6) What are the present rules for such admission and what 
latitude is allowed in their execution? (Detailed information 
is desired.) 

(c) Is the operation of the system satisfactory ? 

(d) Is it susceptible of further extension— for example, by 
intercollegiate action ? 

yi. As a complementary circular is to be sent to a large 
number of representative preparatory schools, it is requested 
that the authorities of each engineering college receiving this 
circular cooperate with the committee by appending a list of 
(say 20) schools, public or private, in the State in question, 
selecting not the best, but those which shall be as &irly repre- 
sentative as possible of the general standards. 

Name of college. (Signature and title of officer reporting.) 
Date. 

CIECULAB SENT TO SELECTED PEEPAEATOEY 

SCHOOLS. 

SOCIETY FOB THB PBOMOTION OF BNGINBERINO EDUCATION. 
OOMMITTEB ON ENTRANCE EBQUIEEHENTS 

Boston, April 1, 1895. 
Deab Sie : At the recent annnal meeting of the Society for 
the Promotion of Engineering Education (which now includes 
members of seventy-eight engineering colleges, or depart- 
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ments), a 8i>ecial oommittee was appointed to examine the 
general subject of Entrance Beqnirements, and report at the 
next annual meeting of the Society. As the report of the 
(}ommittee of Ten and other causes have attracted much atten« 
tion to this important subject, and as it is of the utmost conse- 
quence that colleges and preparatory schools should cooperate 
cordially and intelligently, the Committee earnestly hopes that 
you will give it the fullest possible information in reply to the 
appended questions. 

It may be added that the Committee regards preparation for 
scientific or other colleges as an essentially secondary function 
of the great body of high schools of the country ; and believes 
that entrance requirements should be, so far as necessary, 
adapted to the capacity of any high school of thorough methods 
and high standards. 

The Committee hopes to make the results of this investi- 
gation of general use by publication in the Proceedings of the 
Society, with a view to promoting '' closer articulation " be- 
tween the secondary school and the college, and will be grate- 
ful for your assistance and suggestions. 

F. O. Makvin, 

Professor of Civil Engineering, University of Kansas. 
Mansfield Mebriman, 

Professor of OlvU Engineering, Lehigh University, 
J. J. Flatheb, 

Professor of Mechanical Engineering, Purdue University. 
J. P. Jackson, 

Professor of Electrical Engineering, Pennsylvania State 
College. 
H. W. Tyler, 

Secretary, Massachusetts Institute of Technology. 

Committee. 

Pleaee send replies of this dionlar to 
H. W. Tylxb, Massachusetts Institute of Technology, Boston, Mass. 

I. What are your present fitcilities for preparing students 
for admission to engineering colleges (or to any particular en- 
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gineering college) in Mathematics, English, History, Foreign 
(including ancient and modem) Languages, Natural and 
Physical Science (with or without laboratory instruction), 
and Shopwork and Drawing? Statements as to ground cov- 
ered, time given to the different subjects, particularly nudhematieSf 
material equipment in the way of apparatus, laboratories, 
shops, etc., are desired. 

II. (a) What is the length of your preparatory course or 
courses ? and what the average age of your graduates ? 

(6) Do you advise your graduates to devote additional time 
to preparation before entering an engineering college ? 

III. (a) What advance in requirements (if any) would it 
be practicable for you to meet ? 

(6) Do you consider such an advance desirable ? 

lY. To what extent would it assist you if engineering 
schools should make their requirements more nearly uniform? 
i. e., in the sense that requirements in a given subject should, 
80 far 08 they go, cover the same ground for all engineering col- 
leges requiring them at all. 

Y. Do you desire or recommend an extension (or the re- 
verse) of the system of admission by certificate ? 

Note. — Ck>pie8 of your high sohool or academic courses of stndy will be 
acceptable. 

Name of School. (Signature and Title of Officer reporting.) 
Date. 



Table A. 

BSQUIBElfSNTS FOB AdW^ION TO ElTGINEEBniG COUBSBS IN 109 
COLIAQES. SdBJBOTB AND XUUBER OF COLLEQES REQUntlNO 

Each. (Catalogues of 1894-96.) 

{CONDBNBKD TABCLATIOS. ) 



SuBUud 
IS Col- 



No Fnbliahed Reqnireaients . . 

Evidence ot Moi^ i eiOi. 

QokliaattaoD of Age 4'l2l. 

Writing ...;16|. 

Eaiding ',.,'161. 

Spelling 1 15 . 

Q«oga$hj I 7 9 . 

HAthemttticB I |. 

Arithmetic only 

Elem. Alff., no Oeom 

" '" &iid Plane Qeom.. 

Alg., Plane and Solid Geom. 

Alg., Oeom., and Plane "Mg. 

Al|.,Oeom.,P1. and Bph. Trig. 

Higher Hathemstice 

Muoal Tnining or Piactaoe.... 



Kiatary. . 
1 Babjeo 



QTtlGoreniment... 



1 Bnlrieot only ... 
2siiMeolB 



If only I S 

Orammar and Comp<Mition..,| 3 

Advanoed English ;10 

N. E.Beqiiii^'la(orneaily)i 7 
Tortiga Langn^e '-.. 

1 year's work ' 3 

2 ;; ;; i s 



English tailnre a bar toadmis'n. ' . 



SOCol- 



MCot- 



Totall. 
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.. 68 51 .. 
.. 8,101.. 
.. 9:100.. 
..19| 90.. 
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Table B. 

CoNBinoNB. Abstract of Beplieb .to College Cibgulabs. 

(OONDENSBD TABUIJITION. ) 



No regnlatioiis (so reporting) 

No oonditioDS allowed 

1 condition allowed 

2 oonditions allowed 

3 oonditions allowed 

Nnmber variable with each case. 

Indefinite number 

Indefinite nnmber to be made up in Prep. Dept. 

No condition allowed in Mathematics 

No condition allowed in English 

Not allowed in Physics 

Allowed in Modem Languages..... 

Six periods of work per week allowed 

Conditions to be removed — 

within three months 

within a half year 

within one year. 

within two years 

as soon as possible 

before matriculation 

by good class standing 

by exam, when report^ ready by tutor 

before advanced work is taken 



I 



la 




1 
1 

2 



4 
1 



1 
1 



2 
2 



3 
2 



I 






1 

2 
4 
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1 
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i 
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1 
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2 
2 
2 

1 



1 
3 



2 



I 



Is 

s 



2 
2 
1 



1 
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Pi 
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3 
2 
6 
5 
9 
7 
2 
3 
5 
5 
1 
2 
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5 
4 
10 
1 
1 
4 
2 
1 
1 



Table C. 

Admission bt Certificate. 
Abstract of Replies to College Circuulrs. 

(Ck>NDBKssD Tabulation.) 



I 
|l 



Present ertenii to a laige amouni. 2 

to a moderate amount. ! 1 

to a limited amount 1 

to some nndefined amount. .... 1 
oertificates not taken 3 

Certifioate plan, satisfiiotory ' 5 

partial! J aatiflfaotory | i 1 

not satisCaotoxy I ' 1 



i 



2 
3 



1 
8 
4 



BUBoeptible of extension 3 

only within State lines 

only to a degree and with' 

caution ! 1 

no extension desired i 1 

no answer oonoeming exten- 
sion 4 
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1 
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1 
7 
1 
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Q. 



s 



18 

6 

4 

11 
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2 

16 
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Table D. 

Uniformitt of Requirements. 
Abstract of Beplies to College Circulars. 

(Condensed Tabulation.) 



I 



Uniformify, desirable • 5 

not desirable ' 1 

praotioable 1 

praotioable to a limited extent I 1 

not praotioable 3 

of little or no importance. 
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10 

7 

10 

16 
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Table E, 

Considerations Causing Changes in Bequibements. 
Abstract of Replies to College Circulars. 

(Ck)NDBNSBD Tabulation.) 



ReqnirementB of other oollege departments..... 

State law 

Condition of preparatory sohools. 

Changes in other ooUeges. 

Progress in engineering praotioe 

Educational value of studies 

Ideal needs and present possibilities. 

Conditions due to the civil war 

Acquisition of general literary education before 

admission , 

Improvement in preparation of students 

Improvement in preparation in mathematics. 

Elevation of state standards 

Maintenance of a high standard 

Gain of time for technical studies 

Desire to make courses as wholes reach to the 

senior year of Cornell 

Conferences with State teachers' association.... 

Aid in securing positions for graduates. 

Establishment of a state system of united 

schools and colleges 

Necessity of teking the material offering 

Policy of the college not to change 
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Table F. 
Abbibtasce that can be oivbn Pbepabatory Schooub bt 

ENOINEERINa COLLBOBB. AbSTRACTT OP RePLIEB TO 

CoUiBGB ClRCULABS. 

(Condensed Tabulation.) 



B|y xauii]^ requirements 2 

adopting onifonn reqairements 3 

inflnenoiDg them to do thorough work | 1 

soggestioDS and help as to work and' 

methods ! 

insisting that applicants for admission 

should have completed a school course ... 

wwking through State Board of Education 

admitting by certificate from accredited 

schools 

Much in everyway" I 

"What?" 1 

Oui render no assistance ! 
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I, 
So 
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1 
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4 
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8 
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1 
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4 
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Table G. 

Ghanqes Dbsibed in Bequibembnts fob ADMISeiON. 
STB ACT OF Replies to College Cibculabs. 

(Condensed Tabulation.) 



Ab- 



2 



1 
1 



2 
1 
1 
2 



None 

Better preparation in spelling, writing, oom- 

position 

Txansfer of time from elementaiy branches to 

Latin, Frenohand Drawing. 

Gradnal elevation of standard 

An elective system 

Requirements as heavy as for classical oonrse. . . 

Two years of college work as a foundation 

Making requirements equal to those obtainable 

in towns of 8000. 

Manual training school work as a foundation .. 

Better preparatory instruction 

Mathematics: Algebra 

Advanced Algebra. 

Plane (Geometry 

Solid Geometry 

Trigonometry 

Analytical Geometry 

elementary Mechanics 

advance or better work 

Drawing, or better work in Drawing 

English: better work 

advanced work 

more work 

Sdencac Physics 

laboratory work in Physics 

more work in Physics....*. 

Chemistry 

Physical Geography 

more work ' 

History: United States ' 

England 

Civil Government ' 

more work j 

Foreign Language: French ! l 

French or German 2 ! 2 ! 
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French and German 

1 year of Mod. Language 
German or Latin 

2 years of Latin 

Less Latin 

Omission of Latin 

Better work 
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1 
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1 
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3 
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Table H. 

Condensed Tabulation of 148 Beplies to Circulabs Sent 

TO Pbeparatoey Schools. 



Ad^iae additional pfreparation 

Do not advise additional preparation 

Gan advance oonnes by some yarying amount. 

Cannot make any advance in cooisea 

Consider advance in oonrse de8iTabl& 

Consider advance in oonrse not desirable 

Consider uniformity in requirements an aid.... 

Consider uniformity in requirements of no as- 
sistance 

Satisfied with present conditions. 

Bodre extension of certificate plan 

0o not desire extension of certificate plan ...... 

Desire extension with caution 

Think extension immaterial 

Desire a combination of examination' and certi- 
fication 




46 entrance requirements. 

Discussion. 

Prof. Mansfield Merriman called the attention of 
the Society to the use of the word " college " as dis- 
tinguished from the word "school," in the report. It 
was thought that the word school, as appUed to insti- 
tutions for teaching engineering, might sometimes be 
misunderstood, and, therefore, the word college has been 
used, except for the preparatory school. He thought 
that if all were to use, universally, this word ''college,'' 
instead of "school," to say technical colleges instead 
of technical schools, it would tend to place engineer- 
ing education on a higher plane in the estimation of 
the public. In the report the word school had been 
used only for preparatory institutions. 

Prof. Francis R. Fava, Jr., called attention to one 
or two difficulties under which they had labored at 
Columbian University. They found it really neces- 
sary to lower their entrance requirements, not because 
they feared competition, but because they were losing 
good material among men who had insufficient prep- 
aration. This was in 1885. This lowering con- 
tinued, but now the pendulum is swinging back the 
other way. They are now making the requirements 
higher, and arranging for a preparatory course of one 
year. However, when they lowered the standard it 
was not their fault; they were compelled to it by 
circumstances. 

Prof. John B. Johnson asked the gentleman to ex- 
plain a little more in detail the circumstances by 
which they were so "compelled." 

Prof. Fava replied that the situation was pecuUar. 
There were a number of men in government service 
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who were good men, who had more or less time on 
their hands, and who wished to complete their educa- 
tion if they could. The courses were given partly in 
the evening. A great many of these men were not 
prepared to pass the entrance examinations, but were 
quite willing to take extra courses in mathematics ; 
in fact, they were willing to do everything possible in 
order to enter and complete the course. The require- 
ments were therefore lowered to make it possible for 
them to enter. The standard has since been raised, 
and many predicted a speedy falling oflf in attendance, 
but the fact that they were wise in adopting the course 
taken, is evidenced by a largely increased attendance. 
Another source from which they draw is the Wash- 
ington High School — a very good institution, but 
which has been leaning to the academic side, so that 
a great many of the men were insufl&ciently prepared 
in mathematics. The standard had to be lowered to 
reach them. The High School has raised its standard, 
so that this obstacle is not now in the way, and Co- 
lumbian University has raised its standard also. 

Prof. Carl L. Mees thought one point was often 
lost sight of, and that was what is meant really by 
"standard of admission?" Does it mean that if the 
student is said to be " prepared " in plane and soUd 
geometry, he has really a better preparation than if 
his time had been given entirely to plane geometry ? 
There is a dijfference between an intensive and an 
extensive study of mathematics, and in many cases 
better preparation will be gained by insisting upon a 
better text, better teaching and more time for the 
more elementary subject, than by including sohd 
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geometry and trigonometiy. When it comes, for in- 
stance, to solid geometiy, most of the work will have 
to be done in a technical school an vwav. He did not 
believe that the rank and file of teachers in preparar 
toiy schools could do that work welL It would have 
to be reviewed at any rate. In &ct, it would be neces- 
sary to review nearly every thing required for admis- 
sion. The question is whether the efiort should be 
in the direction of specifying higher topics for entrance 
or in trying to get better work in the preliminary 
subjects ? 

Prof. Storm Bull, did not think that the last 
speaker had stated the case correctly. The University 
of Wisconsin required a certain amount of time spent 
on each subject. Their experience was that solid 
geometry had been well taught in the high schools ; 
algebra not so well. More time, therefore, was now 
being required to be spent on algebra. He thought 
that it ought to be insisted upon that tlie entrance re- 
quirements are really fulfilled. 

Prof. J. Galbraith wished to make a few explana- 
tions with regard to the requirements for admission in 
the School of Practical Science, Toronto. In the 
Province of Ontario all the universities had a common 
standard of admission. The examinations determin- 
ing admission were held once a year by the Provincial 
Department of Education. 

Students were admitted to the School of Practical 
Science on presenting certificates that they had passed 
the above examinations. The subjects required for 
jnatriculation are Latin, English, History, Mathe- 
matics, French or German and either (1) Greek or (2) 
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the second modem language with Physics and Chem- 
istry. Students were also admitted who had passed 
in all the above subjects except Latin, or who had 
passed in all except Greek, in which case the subjects 
under (2) were obligatory. 

As the school is a provincial institution it was felt de- 
sirable to provide in some way for the admission of men 
whose occupations were more or less connected with 
engineering work, but who might find it impossible to 
return to the high school in order to work up all the 
subjecte required for admission ; an examination in 
EngUsh and Mathematics is accordingly provided for 
such candidates, and in lieu of the remaining subjects 
required of the high school graduates, they have to 
present certificates of having had at least one year's 
employment in practical work. Not more than half 
a dozen candidates have been admitted per year up to 
the present time under these provisions. There has 
been no reason to regret the admission of such candi- 
dates, as they are usually faithful workers. 

Prop. William G. Raymond agreed \\dth the last 
speaker that in special cases where men of business 
who were earning their living were also endeavoring 
to get an education, some encouragement should be 
offered. 



THE SCOPE OF AN ENGINEERING COLLEGE. 

BY WILLIAM G. RAYMOND. 

Profeaaor of Geodesy and Road EDgineering, RensBelaer Polytechnic Insti- 
tute, Troy, N. Y. 

What is the proper scope of an engineering college? 
Should it include work now generally left to the so- 
called preparatory schools, and if so, to what extent ? 
Should it include also post-graduate work, and if so, 
what work ? 

This subject must refer to what might be called an 
ideal engineering college, for it is morally certain that 
many of the colleges of engineering now established will 
not, even should this convention decide it to be best, 
introduce what they are pleased to call preparatory 
studies into their curriculums, though they may and 
probably mil, if, indeed, they have not already done 
so, add post-graduate work. The writer is not sure 
that he knows what is meant by preparatory work, 
nor what by post-graduate work. In each individual 
college such subjects or parts of subjects as must be 
completed by a boy to meet the reqirements for ad- 
mission to the college constitute, it is assumed, pre- 
paratory work ; and any work done by him in advance 
or in excess of that required for the degree of the col- 
lege may be considered post-graduate work if it is 
done after graduation. It is difficult to discuss in 
general the question as it reads; for what is under- 
graduate work for one college is preparatory work for 
another, and is post-graduate work for still another; 
and each college must decide for itself according to its 
peculiar circumstances where it will begin and where 
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end its work. Let the question be stated in another 
form, a form in which the writer recognizes a subject 
on which he has, at least, opinions. 

What is an engineer ? What should a young man 
know, to entitle him to be called an engineer? What 
should he know, to be called a specialist ? How much 
of this knowledge can he acquire in school ? What 
portion of this knowlege is it practicable to offer in 
one school ? What portion is it desirable to offer in 
one school ? 

The treatment of this subject must necessarily be 
general and brief. To go into detail would be to cover 
the ground of each of the papers that are to follow. 

Within a few months we have had the engineer 
variously and frequently defined. For the purposes 
of this paper he will be defined to be "One who 
uses the laws, forces and materials of nature in the 
design and execution of works, including structures 
and machines." This definition, it is beheved, in- 
cludes everything except that special branch of mili- 
tary engineering relating to the conduct of operations 
of war. 

It will be assumed as granted that every man, be 
he doctor, lawyer, merchant or chief engineer, should 
acquire all the general information possible; that 
every man, either before or while securing the special 
training necessary to fit him for his chosen vocation, 
should acquire a thorough knowledge of his own lan- 
guage and literature, of history and social science. It 
will also be assumed as admitted that this culture 
training should, if possible, be acquired before taking 
up the special bread and butter subjects. 
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In addition to this general education for all men, 
the engineer must, to fit himself for his special call- 
ing, be first well versed in the laws, forces and mate- 
rials of nature, not omitting the human element. 
Second, he must be familiar with the application of 
these laws, forces and materials, so far as already de- 
veloped, in the construction and operation of works. 
Third, he must understand the practical details, prices, 
ordinary tools and methods, possibilities of animals, 
machines and men ; in a word, he must have experi- 
ence. 

When he has acquired a certain fraction of the 
whole knowledge in each of these lines, the size of 
which fraction will be left to the other speakers on 
this program to determine, the young man is fit to be 
called an engineer. 

Before he can take up the first of these three divi- 
sions of special learning, he must possess a certain tool 
or kit of tools called mathematics. 

When the young man has acquired the proper frac- 
tion of each of the divisions already named and has 
in addition acquired about all there is known of a 
special branch of one, as bridge and building construc- 
tion, railway construction and operation, electrical 
theory and practice, he is fit to be called a specialist ; 
as a bridge engineer, railway engineer, electrical engi- 
neer, etc. 

The writer beheves it will be admitted that all of 
the knowledge mentioned, with the exception of ex- 
perience and the. knowledge of how to handle men, 
may be obtained in a school or schools. The latter 
acquirement comes only to those who have the faculty, 
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to be developed by experience, inborn. That is to say, 
the use of the tool mathematics, and various hand 
tools, and the knowledge of physical science, me- 
chanics and materials, to be obtained from books and 
in a laboratory by experiment, may be acquired in 
the school. We know this is true because we have 
separate schools whose combined curriculums include 
all this matter. 

I think it will also be admitted that it is possible so 
to organize and equip a single college that it may offer 
the entire list of subjects; for this would be indeed 
but combining what is to-day known as the manual 
training school with the best engineering college, and 
modifying and adjusting the scheme of study in each 
so that together they shall form one harmonious, con- 
secutive whole. It will doubtless be admitted that a 
building or series of buildings, a teaching force and 
laboratory plant, could be brought together under one 
management to form a single college that could offer 
theoretical and practical instruction, so far as it is 
practicable to offer it in a college, from what may be 
called the veiy beginning of special study to the high- 
est class of theoretical and experimental investigation. 

It will, no doubt, be further admitted that such a 
college is not only possible, but entirely practicable. 
Indeed the writer is familiar with one institution that 
approaches very near to this suggested college, and 
that holds a high place among the engineering col- 
leges of the land. Among the various schools com- 
prising Washington ^University, St Louis, are the 
Manual Training School and the Polytechnic School. 
These two have entirely independent courses, each 
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complete in itself, and all that is lacking to make 
them one is an arrangement of studies that shall give 
one closely consecutive course. While not prepared 
to say that they are mutually helpful, the writer does 
know that the Manual Training School has been and 
is of great value to the Polytechnic School, and in all 
probability the Polytechnic School is in turn of some 
help to the Manual Training School. 

The writer feels pretty sure that up to this point he 
has said little that will excite discussion or that will 
appear to any of us other than well-known or almost 
self-evident facts. But when he tries to give his views 
on the last question to be considered, namely, what 
portion of this training is it desirable to offer the young 
engineer in one school or college, he fears that he 
will find himself almost, if not Iquite, alone. The, 
writer has given this matter a good deal of thought 
during the past year and has arrived at conclusions 
that are believed to be at variance with the opinions 
of educators generally, and particularly with those of 
the teachers in the higher institutions of learning. 
These conclusions are offered with the conviction that 
they are right. 

It is the writer's belief that with the growth of 
knowledge we are putting too much of mathematics 
and science on the preparatory schools and beginning 
too far along in our colleges. He believes that geom- 
etry, except mensuration as given in arithmetic, and 
algebra, except the solution of simple equations, 
have no place in a high-school course. They are 
purely special studies preparatory to the pursuit of 
further special investigation. 



SCOPE OF AN ENGINEERING COLLEGE. 55 

Those subjects having to do with the thoughts and 
acts of men are of far more service to the average man 
of business, to all men except engineers, than are 
geometry, algebra, or indeed any mathematics beyond 
arithmetic. 

The public schools of secondary grade should be 
modeled to give the best service to the greatest num- 
ber of the youth to be served. The great mass of 
boys and girls drop out of school at the close of the 
grammar grade, and the majority of those who remain 
to attend the high school close their school Ufe with 
their graduation from this institution- It is the few 
who go further to college, and but a portion of these 
to scientific pursuits. 

The ideal high-school course, if there can be an ideal 
course, is, in the writer's opinion, one that gives its 
greatest strength to language, literature, history and 
social science, and adds the simple facts of physical 
science without theory, or indeed omits them entirely. 
Such a course could be arranged to give to its gradu- 
ates more of what may be called the culture studies 
than is now usually given to the graduate of the en- 
gineering college. 

The great fault found to-day with our educational 
work in general is lack of thoroughness in English 
language and Uterature. There is an attempt to cover 
too many fields, resulting in thoroughness in none. 

The writer's position is this : The engineering col- 
lege, and other colleges as well, may profitably lower 
their requirements for admission in mathematics and 
raise them in language and Uterature, history and so- 
ciology, compelling the preparatory schools to meet the 



56 SCOPE OF AN ENGINEERIKa COLLEGE. 

changed requirements. To this extent at least, it is 
believed, all engineering colleges may profitably extend 
their work to include that of the so-called preparatory 
schools. Really this is hardly an extension, but an 
exchange. An exchange of so much humanity for so 
many tools. 

The writer knows what the tendency might be if 
this were done. It is easy to say of the applicant for 
admission, ''He has passed in the subjects essential to 
his progress here and failed in his language. It would 
be a hardship to exclude him ; we will enter him with 
conditions." This is wrong. That it is unnecessary 
is evidenced by the fact that certain of our State Uni- 
versities, with comparatively severe entrance require- 
ments in English, provide that a signal failure in this 
subject will exclude the appUcant from any of the 
scientific courses, and the provision is canied out 
feithfuUy. It may perhaps be said that it is easier to 
accompUsh in a public school than in a private school, 
but this is at least doubtful. 

The limit that has been mentioned is as far as the 
writer believes it well to go downward with the work 
of the engineering college, except in the matter of 
tool instruction. As to the value of tool instruction 
nothing will be said, for I could add nothing to the 
volumes that have been written on this subject. This 
one word may be said — that no school in this country 
that offers a course in manual training is able to find 
room for all who desire to enter. It at least fills a 
supposed want. The writer believes that the engi- 
neering college can well reach downward — ^if indeed 
it is down — to the extent of providing a course in hand 
work with machinists' and builders' tools and materials. 
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A mistake that is constantly made, is to put too 
young a man on inspection work. A course in hand- 
ling tools and materials will be of great service to him 
in this work, and of great service to his employer as 
well. 

Strictly the engineering college has nothing to do 
with these preparatory subjects, for it must not be for- 
gotten that the engineering college is a professional 
school. If this is kept carefully in mind it should be 
evident that such subjects as do not pertain to engi- 
neering have no plac^ in its cumculum ; or, to go a 
step further, it may be said that only the subject of 
engineering (this is here considered one subject with 
many branches ) has a place in the curriculum of an 
engineering college. 

Our engineering colleges of to-day are a mixture of 
preparatory school and professional school, just why it 
is not apparent It is the only professional course so 
combined with a general college course leading to a 
bachelor's degree. 

The writer believes it to be well on many accounts, 
chiefly because of the resulting economy of edu- 
cational energy and a more systematic and complete 
arrangement of studies thus made possible, to con- 
tinue this combination, , and to go a step farther to 
include so much as has been mentioned of what is now 
usually called preparatory work. In saying that cul- 
ture studies have no place in an engin^ring college, 
the writer will not exclude them from what is called 
later the preparatory department. 

On the other hand, how far shall the engineering 
college extend its courses upward ? It seems to the 
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writer that the limit is not short of the limit of hu- 
man knowledge of engineering subjects and the possi- 
bihties of laboratory investigation. 

It is to the college laboratories that we must look 
for the means of carrying on almost all experimental 
research that can be best done in a laboratory. The 
Pennsylvania Railroad maintains a laboratory and, 
while the world at large profits to some extent by this, 
the laboratory is for the use of the Railroad. Sev- 
eral great manufacturing concerns maintain well- 
equipped experimental laboratories. These are of 
some use to the world of engineers, but they are 
mainly for the use of those who sustain them. The 
college laboratories should be thrown open to the use 
of all reputable persons competent to use them. This 
does not mean that the use should be free ; but here 
should be the place where the engineer desirous of 
pursuing some certain lines of investigation may come 
for a reasonable consideration to do his work. This 
does not mean either that an engineer who has some 
tests to make in the line of his business should be 
fiimished at small cost a plant for the purpose. The 
laboratory should be open for experimental investiga- 
tions for the development of general physical laws 
and for general tests of materials only. 

The libraries of the engineering colleges should be 
as complete as possible and open to the use of the 
public under well-considered restrictions. The writer 
believes what he has said, to be particularly true of 
the engineering colleges of State Universities. 

As to just where the dividing line between under- 
graduate and post-graduate work should be drawn, 
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there will be a diversity of opinion. It is the writer's 
belief that the boy who has completed such a course 
in mathematics as is usually given in our engineering 
colleges, a thorough course in general phj^sics, a sim- 
ilar course in chemistry, geology, mineralogy, rational 
mechanics and astronomy, is, with the understanding 
that sufficient training in language, literature and 
social science has been obtained from some source, 
eligible to the degree of Bachelor of Science or its 
equivalent. It is beUeved that special work in the 
application of these sciences to engineering should be 
classed as post-graduate work and should lead to a 
professional degree, just what will not be specified. 

It is unquestionably a fact to-day that the engineer- 
ing students of our colleges do more and harder work 
for a degree of equal grade than do the students of 
other departments. The recent accessions to the store 
of knowledge of physical laws and forces and their 
applications have been so vast in extent that a time 
sufficient to do a quantity of work that shall entitle a 
young man to the degree of Bachelor of Arts or 
Bachelor of Letters, is not sufficient under our modem 
requirements to permit him to secure the equal grade 
of Bachelor of Science; and if the two degrees are 
given at the expiration of the same number of years 
of work it simply means that the two are not re- 
warded on the same basis of work performed. It is 
true in theory that it is not the degree that should be 
sought, but an education. Nevertheless, the degree is 
a certificate of work done, usually valued according to 
the college that gives it; and the degrees of equal 
grade in one college ought to represent approximately 
equal amounts of work performed. 
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The writer believes it is perfectly practicable and 
that it is desirable to incorporate into the curriculum 
of one college a training for engineers that shall begin 
with algebra, and shall include practice in the opera- 
tions involved in the building arts that shall cover a 
complete course in the sciences fundamental to the 
study of engineering, and a theoretic course in the 
application of those sciences which may be properly 
called a course in engineering. 

As already said, there is no limit short of the limit 
of knowledge in this direction. There should, how- 
ever, be a limit set in each particular branch of the 
special work, beyond which it is undesirable to take 
the young man before turning him out to gain experi- 
ence. Within this limit should be found the funda- 
mental principles and a certain amount, that will not 
now be defined, of practical detail of each of the so- 
called branches of engineering. Specialization should 
come only after a thorough grounding in the general 
principles of all branches. 

The college would consist, therefore, of what might 
be called two schools. I. The preparatory school, com- 
prising a portion of what is now commonly called 
preparatory work and a portion of what is known as 
college undergraduate work, the course leading to a 
Bachelor's degree. II. The professional school, com- 
prising a course in general engineering rather more 
extensive than is now usually given in any one course, 
leading to a professional degree, and a post-graduate 
professional course, leading to a Master's or Doctor's 
degree in the special department. It is to be expected 
that but a certain few of the whole number of stu- 
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dents in attendance will take the special advanced 
work in any one department, and that the majority of 
students will go into practice at the conclusion of the 
general course. 

Thus we have purely a special college for engineers, 
who must come to it prepared in language, hterature 
and social science, which studies really have no place 
in a college of engineering. Students would, of course, 
come variously prepared in these subjects, and a cer- 
tain minimum requirement for admission, higher than 
that now common, should be estabUshed. As already 
stated, it may be impracticable to exclude language 
and literature from this college, beginning, as it does, 
so far down the scale in mathematics and science; but 
the requirements for admission in these branches 
should be high, and the work in the college of a high 
grade but small in amount. 

About a year ago the writer prepared, as a suggestion, 
a course in engineering that approximated to the ideas 
presented in this paper. Neither that nor a modified 
course is presented at this time, because it would be, to 
a great extent, anticipating the topics that are assigned 
to the succeeding speakers. 

When the opinions of the several specialists who are 
to tell us what should be included in their particular 
departments are given us it will be easier (possibly) 
to arrange a complete course. 

One institution made an attempt some years since 
to do very nearly what has been outlined in this 
paper, and the engineering course was made five years 
long, a Bachelor's degree being given at the end of 
four years and a professional degree a year later. 
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A single college can hardly make such an innova- 
tion as this, particularly if it is at all dependent upon 
tuition for support ; but if all the engineering colleges 
of the country, including the strong State Universities, 
were to adopt this plan, or one that should be its 
equivalent, the writer believes it would result in no 
loss to the colleges and in great gain to the fiiture 
engineers of our land. 

Discussion. 

Professor C. Frank Allen said he felt some hesita- 
tion in saying much about the views expressed in the 
paper just read, which was just the sort of thing that 
was wanted by the Society, inasmuch as it was very full 
of thought which had been developed in a direction 
quite new to most of those present, and certainly gave 
to all something to think about. Professor Raymond, 
as he stated, had been at work on this subject for a 
year, and the speaker felt that it was difficult for those 
who heard some of his views expressed for the first 
time to criticise them at short notice, and it hardly 
seemed proper that the speaker's remarks should be 
viewed in the Ught of criticism, but perhaps rather 
in the way of suggestion. One of the first things 
that impressed him was this: During the past few 
years he had been connected with the lower schools, 
and in high-school work had been particularly im- 
pressed with the efiect upon the students of the in- 
struction given them. During the first part of the 
time that he was a member of the school committee 
the instruction in the high school was of rather in- 
ferior quality ; it shortly became very much better ; 
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both language and mathematics were taught in excel- 
lent fashion, and the result upon the pupils was very 
marked. Whereas, in former years, the completion of 
the high-school course had marked the close of the 
scholar's education as a rule, under the improved 
work it does not mark the close of the scholar's for- 
mal education. A year ago 75 per cent, of the gradu- 
ating class had determined to pursue their education 
further and were now carrying out their resolve. He 
believed their resolution was prompted by the fact 
that the superior education which they had received 
at the high school, gave them a taste of what might 
be attainable in the future, something that scholars 
in former years had not had. It seemed to the 
speaker that if the course that Professor Raymond has 
outUned was to prevail, at the close of the high- 
school course the scholars would have been educated 
neither for an academic, nor for a technical college, 
but for business alone, and that the incentive to con- 
tinue work in certain higher directions would have 
been taken away. It therefore seemed that such a 
course would be to the advantage neither of the schol- 
ars nor of the schools. It looked as if the scholars 
would be left in such shape that they would not be 
provided with any incentive, but would be more or 
less at sea. It was difficult to understand how they 
could then determine whether they had any taste or 
ability for work in an engineering college or in any 
college, and in so far as they were prepared only for 
the business side, it seemed that serious disadvantage 
resulted. 
Another point that occurred to the speaker was 
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this : If the course outlined by Professor Raj'^mond 
should be carried out, there was danger that there 
would be too much concentration of mind on one line 
of thought. Some of the most valued articles of food 
would not be to most people quite satisfactory for a 
steady diet, and it seemed possible that the introduc- 
tion of language, political economy, or other studies that 
might serve as a relief from the distinctly engineering 
studies, would be wise as taking into account human 
nature. If Professor Raymond's paper was understood 
aright there would be no difficulty, in the manner in 
which his course would be arranged, in reference to 
the sequence of studies, starting as late as he did with 
his mathematics. That difficulty must be taken 
into account. 

Mr. William Kent felt we ought to be greatly in- 
debted to Professor Raymond for his paper, even if 
there had been no disagreement; but when a man 
brought ideas in this way he stimulated thought, 
though the speaker entirely disagreed with him. 
Henry George's books, for instance, were very- interest- 
ing and most valuable, but the speaker thought them 
to be all wrong. So Professor Raymond's paper was 
very good, but he did not agree with him at all. The 
best thing in his paper was where he stated the fact 
that he was all alone in his opinions. As the speaker 
understands him, he would leave algebra and geom- 
etry out of the culture schools. The speaker thought 
this would be a criminal offence, to deprive a scholar 
of that insight into one of the greatest things in Na- 
ture, which is got by geometry. At the age of seven- 
teen the speaker did not know just what he ought to 
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make of himself ; there was no incentive in any par- 
ticular direction ; what would have become of him 
was uncertain, but through some accident he was en- 
abled to have a course in elementary civil engineering, 
and for the first time in his life the speaker saw the 
direction in which his future work might lie, and the 
whole of the field of engineering was opened to him. 
That opening which was presented in the high school 
was the starting point. 

Every possible "window of the mind" should 
be opened so that when a boy gets to be seventeen 
or eighteen years of age he could have some idea 
of what course to follow. The trouble with the pre- 
paratory schools has been that they trained the youth 
only for business, and not very well for that ; but now, 
when a boy was given some general science, physics, 
mathematics, etc., he would be capable of taking hold 
of anything. He had four years of Latin in his own 
course, three of those he thought wasted, as far as the 
time spent on Latin was concerned. The speaker had 
become a disbeliever in the classics, but his boy had 
just taken a year of Latin, geometry and algebra, and 
it had had the best possible effect on him. Latin en- 
ables a boy to give continued thought to a subject ; 
algebra gives the power to accomplish something by 
dint of hard work and study ; and geometry opens 
the world of astronomy, mechanics, etc., to the stu- 
dent. The training which comes irom the study of 
these three subjects should be given in the preparatory 
schools. In regard to the engineering college, Professor 
Raymond claims that culture has no claim there. 
This was wrong, because many scholars of our engi- 
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neering colleges had not obtained the necessary cul- 
ture beforehand ; and men who were supposed to have 
had this training, after being carried through a four 
years' course without any general culture studies, find 
themselves badly handicapped by the lack of just 
those studies during the four years. 

Professor John J. Flather was disposed to look 
upon mathematics as a study from which to obtain men- 
tal discipline, and partly as a kit of tools, as Professor 
Raymond had said. The great difficulty that we have 
met with in our technical colleges, and that can be no- 
ticed elsewhere, has been to get the student so that he 
will have the mastery of these tools at an early point in 
his course. There are certain subjects that he must 
study later on that demand the mastery of mathematics, 
and he must have that somewhere reasonably early in 
his course, so that he may take the other subjects that 
depend on that, in their proper sequence, and make way 
for other subjects still later ; if we were to keep this 
study out of the high school, and thus give the student 
his first taste of mathematics in his college course, we 
should not be preparing him sufficiently early. For 
some of our work, such as hydrauUcs, thermodjmamics, 
higher machine design, etc., it would then come too 
late. A certain amount of time is necessary for each 
subject, and with mathematics it is not practicable to 
double up on the time, as it is with some other sub- 
jects ; that would be the trouble if we were to keep 
mathematics out of our preparatory schools. 

Professor Francis R. Fava, Jr., invited attention 
to a practical exempHfication of the system which Pro- 
fessor Raymond had brought to notice in his paper. 
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The speaker had experience with a preparatory course 
consisting of algebra, geometry, mechanical drawing, 
English literature, French, etc., containing the ele- 
ments of mathematics and culture. Following this 
came a regular engineering course, then a post-gradu- 
ate course. This was exactly the course, as regards 
the culture side of it, outlined by Professor Raymond. 
This plan had been working for the past few years, 
and they were now trying to get away from it. They 
were trying to make a change, and to get the mathe- 
matics out, and put them into what would then be 
called the preparatory year, and simply for the reason 
that has just been mentioned, that they find they were 
being crowded in the mathematics. It was found that 
the students were not sufficiently prepared when they 
got into the higher course. 

Professor Dwight Porter stated that as regards his 
own daughters he was desirous that they should have a 
good training in geometry and algebra, feeling that 
girls who had finished their studies were often without 
the ability to reason closely, and to draw accurate 
conclusions, in which the above studies give excellent 
discipline. If this training were important for girls 
it was still more so for boys, and inasmuch as by 
many young people it could not be obtained at all if 
omitted from the high-school course, he believed that 
the studies should be retained there. 

As concerns the placing of laboratories at the ser- 
vice of engineers for commercial experiments, he be- 
lieved there would oft»n be found serious practical 
objections to such a course, and that such work had 
better be in charge of officers of the school or college. 
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In SO far as it could thus be undertaken without in- 
terference with regular class work it might be of ma- 
terial value. 

Professor Frank O. Marvin beheved in the first 
place that an engineer is just as much of a man as any 
other man ; and if that was the case, if he was to hold 
the same position in society as other men hold, he must 
be prepared for it. There had been a time when an engi- 
neer was simply the tool of a man who had some money 
to expend ; that time had now gone by, and to-day, if 
the engineer was to maintain himself in society at 
large, he must be rather broadly cultured, the more 
broadly the better. To his mind there were five lines 
of educational work ; mathematics, language and Ut- 
erature, history, art, and general science. The man 
who lacked in any one of these lacked an element 
necessary to him, both as a man and as regards his con- 
tact with people at large. The preparatory or high 
school was the place where the first genuine tastes in 
those lines should be cultivated. It was the place 
where the first real impression was made, and where 
there was provided the most impressionable material. 
So, to his mind all these lines ought to find a place 
there ; and furthermore, every engineering course 
ought to have some representation of each of them. 
It was a question, now, of what can be done. 

The ideal would be to have this running through 
the preparatory, undergraduate and post-graduate 
courses. Of course ideals were not obtainable just 
now, and it was necessary to be content with the best 
possible under the circumstances that surround us. 
He always felt afi:uid of any movement toward concen- 
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tration of the lines of action in our elementary educa- 
tion. 

Professor Raymond writes in concluding the discus- 
sion : It seems necessary in concluding this discussion 
first to correct the impassion that seeL to have been 
produced by the paper, that the writer would educate 
boys first for business, and would make the high- 
school course a business course. 

Nothing could be farther from his mind. He would 
make it preparatory to what is generally called an 
English college course, or, as it is called in one school, 
a course in Letters and Political Science. The plea is 
for more training in EngUsh and allied culture studies 
for students of applied science and for business 
men. 

Professor Allen thinks that if the culture studies 
are omitted from the engineering course there will be 
danger of too much concentration of mind in one 
line of thought. The writer's experience is that he 
can do his best work in any one line when he can 
stick to the Une, and not when scattering his energies 
in several different directions. 

There is plenty of good reading to occupy the leis- 
ure hours of a student if he is inclined thereto. The 
engineer's work is not play, but it should be so nearly 
play to him who chooses it for his life work that it 
will need no admixture of sweetening ingredients. 

The plea for a variety of studies in the lower schools 
is that the child may discover its natural bent, the 
field in which it loves to work. To the writer's mind 
there is danger in this in that it leads to too early 
specialization. He beheves that this is not merely 
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a supposed danger; it is real, and the effects of the 
evil are already apparent. 

As to Mr. Kent's understanding that Uie writer 
would omit algebra and geometry from the culture 
schools, and all culture studies from the engineering 
college, a careful reading of the paper will, it is be- 
lieved, disclose no such statement, at least so far as 
the first charge is concerned. 

What is said is that only the elements of algebra 
and geometry should be taught in the public high 
school and that culture studies have no place in a 
purely engineering college. This does not mean that 
one school may not offer both courses in engineering 
and culture as all universities should do, but the 
work in engineering should be enough in itself to oc- 
cupy the time of the average young man and should 
come after he ha^ prepared himself in other hnes to 
be a man. It means that the requirement in culture 
studies for admission to the engineering college or de- 
partment should be raised and the college or depart- 
ment treated as a professional school. 

An engineering college is a professional school just 
as much as is a medical school or a law school, and the 
course in business should follow, and not go along 
with culture training if the best results in both direo-. 
tions are to be obtained. Concentration is the uni- 
versally admitted first requisite to good work in all 
lines except in school work. Why not here? We 
have become accustomed to a certain kind of engi- 
neering college and it seems impossible to lose sight of 
this in talking of the entirely different school outlined 
in this paper. 
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Ab to the idea that political economy might better 
be left to man's middle age, it may be said that we 
are never too old to learn, and within limits the older 
we are the more readily and fully we comprehend 
matters of this kind ; but if the elements of political 
economy were properly taught in the lower schools 
more men would start with right ideas, and we as a 
nation would perhaps not be in the disgraceful posi- 
tion of continually reissuing pieces of paper that repre- 
sent no value ; precisely in effect what we condemn 
in the manipulators of Erie stock, but what we are 
wilUng to do with United States stock — ^if the writer 
may be allowed the expression. 

As to a fancied difficulty in securing sufficient early 
preparation for advanced work if advanced algebra 
and geometry be left to the college course, the diffi^ 
culty of considering the particular schools outhned 
in this paper apart from the school of to-day is again 
met. If the time devoted to culture studies in the 
engineering colleges was given to technical work there^ 
would be plenty of time for all work of this charac- 
ter. 

It may seem surprising when it is realized, but it is 
true that the mathematics taught in the Rensselaer 
Polytechnic Institute, with a very moderate entrance 
requirement, requires for advance, review and exami- 
nation, just a little less than forty-seven weeks. With 
not more than one secondary study to interrupt, this 
could all be done in very little more than one school 
year, and could certainly be finished with some ad- 
vanced work at the end of the first half of the soph- 
omore year. 
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Replying to Professor Porter, the writer can say- 
that he too has a daughter and he hopes she will 
know something of algebra and geometry (and as she 
has a mother who made a better record in calculus 
than her father, it is probable that if she Uvesshe 
will), but he is willing that she should wait till she 
gets to college to learn most of it ; aiid if she is not to 
go to college there are other studies of inore importance 
to her than these. 

The writer agrees heartily with what Professor 
Marvin says that an engineer is, or ought to be, a man, 
and that he should be rather broadly cultured ; and 
it is believed if the paper is read aright this fact will 
stand out clearly. But he does believe in concentra- 
tion, particularly in the segregation of business from 
culture. One thing at a time and culture first. 

Now all this discussion has turned on one pointy 
and the real object of the paper lost sight of in the 
unimportant detail of whether or no algebra or geom- 
etry shall be taught in the public high school, a ques- 
tion purely of general educational policy and really 
foreign to the general topic under discussion, and one 
that should perhaps have found no mention in my 
paper. 

The real object of the paper was to point out what 
the writer thoroughly believes, namely, that every 
student of engineering, every engineer, should be a 
graduate of a culture school of high grade, and the 
writer's course is developed with this idea in view, and 
with such modifications as seemed necessary to make 
it practicable to-day. It is moreover prepared from 
the standpoint of the private engineering school, and 
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not from the standpoint of the universities with engi- 
neering departments, although many of the sugges- 
tions seem to apply equally well to them, and it is 
these same universities that are in the position to 
make the engineering colleges of the high grade out- 
lined in the paper. 

The writer has endeavored to point out, without 
saying it in so many words, that we can not do our 
best toward making a man and an engineer in the four 
years between 17 and 21 any more than we can do 
our best toward making a man and a lawyer, or a man 
and a doctor, or a man and a minister, in the same 
immature and limited period. The course that is out- 
lined seems to be one step in advance toward what in 
the mind of the writer is sure to come, viz : the sepa- 
ration of the engineering college from the general un- 
dergraduate school, so that the connection shall be in 
the universities even only nominal, and so that a 
course in culture with a little technical work added, or 
a course in technical work with a little culture work 
added, shall neither of them be the ideal engineering 
school or course, but that the engineering college shall 
be a purely professional school, training men of high 
grade in their life work. The details and methods set 
forth may be faulty, but it is believed that the prin- 
ciple is right. 
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Before taking up the subject of the introduction of 
non-professional studies into engineering courses, the 
writer has desired to learn the general opinion as well 
as practice, in this particular, of a number of the en- 
gineering educators of the United States. The repUes 
which his inquiries have eUcited are as varied as they 
are interesting, and form a valuable testimony to the 
timeliness of a consideration of this question. Further 
research has been made among the catalogues and 
schedules of the engineering institutions of the coun- 
try. Those selected for comparison from among over 
a hundred, whose catalogues were examined, may be 
grouped as follows: 

First, those where the work is purely technical, that 
is including in their curricula little more than studies 
which will be classed as indirectly and directly tech- 
nical. These colleges assume that the student has al- 
ready had a good general training, and is ready to 
enter upon a professional course pure and simple. 

Second, those which though making the entrance 
requirement as high, in some cases higher, than the 
first group, continue general culture work in connec- 
tion with the technical, throughout the whole or a part 
of the course, the argument in favor of this policy be- 
ing that an engineer is better equipped for usefulness 

(74) 
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in his profession if a generous proportion of his hours 
of training have been devoted to the humanities. 

Third, a smaller number, which present courses 
that aro to a large degree elective, under conditions 
which admit of the student taking more or less of the 
general culture work according to his individual 
needs. 

Though the line of division between the first and 
second groups is quite distinct, the expression of opinion 
gathered from those in positions of authority in the in- 
stitutions under consideration is by no means so clearly 
defined ; indeed, in some cases, the wisdom of the pre- 
vailing usage is questioned. 

Some extracts fix)m the letters received may prove 
su^estive. The following io from the president of a 
well-known technical college of the highest grade : 

" The tendency of this institution is quite marked in 
the direction of eliminating general subjects fix>m the 
technical courses. Though the feeling is quite unan- 
imous that a broad general education is very desirable 
for engineers, the necessity of professional training 
makes it impossible to give much of this kind of work 
in a four years' course." 

"Prescribed courses in general culture have been 
eliminated in the belief that all of the students' time 
is absolutely necessary in order to obtain a proper 
grounding in the essential scientific couraes." 

Prom another : 

"There has been a tendency for some years back to 
increase the amount of technical work in the engi- 
neering courses at the expense of the non-technical or 
general culture work. We need more preparation in 
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English and general culture and are trjnlng to attain a 
higher standard in entrance examinations. We can- 
not help the students after they are in to any great 
extent." 

Quite decidedly opposed to these expressions are the 
following from the more Uberal institutions of engi- 
neering. The first given is from a well-known college, 
of which the entrance requirements are among the 
highest, yet their candidates for graduation are required 
to take three years of language study, and also to de- 
vote a small amount of time during three years to 
studies in composition, Uterature, history, pohtical sci- 
ence, etc. 

*'The demands of the technical departments are so 
great as to make it almost impossible to provide any 
additional time for culture studies;'' and yet note 
that "at the same time the head of the engineering 
department has just now arranged for a special course 
in financial subjects, at the cost of time heretofore al- 
lotted to technical work ; and the head of another de- 
partment has repeatedly expressed the wish that he 
could find the opportunity to have an additional 
course of the same character given to his students." 
The tendency in another college of long established 
and excellent standing, is " decidedly towards giving in- 
creased weight to what may be termed general culture 
studies in connection with the engineering courses." 

A considerable number of men at the head of engi- 
neering colleges express a similar belief to that of the 
president of a New England college, who writes, "My 
own conviction is that there must be a recoil from the 
tendency to excessive development of the technical 
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side in education." The reaction which this opinion 
denotes, has undoubtedly taken its origin in large 
measure from the difficulty encountered by many in- 
stitutions in raising the entrance requirements. In a 
number of states, the public school system is so in- 
ferior as to constitute a very unsatisfactory feeder to 
the college, which is compelled to make up for the de- 
ficiencies of the early education by including work in 
its curriculum which should properly belong in the 
high-school course. In these States, an advance in 
the admission requirements must wait upon an ad- 
vance in the grade and quality of the public-school 
work, since few institutions, certainly no state institu- 
tion, can afford to exclude all pupils except those 
trained in private preparatory schools. Those fortu- 
nate state institutions which have succeeded in articu- 
lating themselves with the public-school system by 
raising its standard, and not by lowering their own, 
are in a measure independent, but to many still strug- 
gling to attain this position, the problem of entrance 
requirement is, of course, a vital one in the considera- 
tion of the question of the amount of non-professional 
work to be introduced into engineering courses. 

In this connection I desire to say that the catalogues 
of this year of the engineering colleges of the United 
States show progress in this particular. A large pro- 
portion of the institutions reviewed, noted either in the 
catalogue or an accompanying circular, a decided ad- 
vance recently made. The agitation of this question 
which has taken place during the past few years has 
undoubtedly borne good fruit. Nevertheless, it is the 
rule that colleges of engineering must be satisfied to 
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advance slowly toward the high standard which will 
be attained when the institution which to-day must be 
content to "recommend" that the applicant for ad- 
mission be an academic college graduate shall require 
this to be the case. Much as it is to be desired that 
this day be early reached, the facts of the case as they 
are must be taken into consideration, and not as they 
should or will be. Colleges of the third group would 
seem to best meet the requirements of this case. An 
elective system, admitting of the student taking more 
or less culture work according to circumstances, if 
properly controlled, must attain the end of giving the 
opportunity to obtain the best possible education, in 
the broadest sense of the word. There are, however, 
but a small proportion of all the engineering colleges 
that adopt this system. 

In order to show, comparatively, the amjDunt of 
non-professional training the graduates fix)m engineer- 
ing colleges receive, the following table has been pre- 
pared: 

(In this table the abbreviations are full enough 
to be readily understood, with, perhaps, one or two 
exceptions. F. is for French; G, for German; H. 
for History ; Gr. for Grammar ; Al. for Algebra, etc. 
For Eng. (English) the expression "New England 
requirement" has been used for convenience in all 
cases where the requirement is the same as, or very 
similar to, that which was adopted some time since in 
the New England colleges.) 
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This table gives not only the relative amounts of 
the different classes of work required in the thirty- 
seven institutions scheduled, but also their require- 
ments for admission, similarly classified. This classi- 
ficatiouy it must be understood, is more or less arbi- 
trary. It is impossible to draw a distinct line between 
one group of studies and another, and say, "This is 
purely cultural; this technical." Mathematics, which 
is classed as technical (indirectly), is universally ac- 
cepted as affording the best possible mental discipline. 
On the other hand, language, which has been classed 
as a culture or non-professional study, unquestionably 
forms an essential element in the equipment of a suc- 
cessful engineer. The writer appreciates, therefore, that 
the hard and fisust lines of the tabulation may convey 
a wrong impression, and has intentionally avoided tiie 
use of the words professional and non-professional in 
the classification, it being his conviction that thera 
should be no such line of demarcation between the 
cultural and technical studies; they all are, within 
certain limits, properly classified as professional. 

In the table, "Culture Work'' includes Language, 
Enghsh Literature, History, Political Science, Botany, 
Physiology, etc. ; "Indirect Technical" includes Pure 
Mathematics, Chemistry, Physics and other studies, 
which, though closely allied to the technical, are given 
in any good college course. The subjects included 
under "Technical" need not be enumerated. Data 
were collected in the beginning from all of the engi- 
neering courses given in each catalogue, but, as the 
numbers resulting from the grouping we have made 
differed but little, it seemed unnecessary to present the 



BEQUIBEUENTB IN NOl^^PSOFBSBIONAL STUBIEa 83 

results from more than one course, and, wherevw pos- 
sible, the course in Mechanical Engineering was se- 
lected because the writer has a more detailed knowl- 
edge of what is being done in this department in the 
various institutions than in other departments. In 
those cases where the Electrical Engineering or Civil 
Engineering courses are given, the institution in ques- 
tion either gives no Mechanical Engineering course, or 
some feature of the catalogue made it impossible to 
obtain the information desired. In classifying the 
Civil Engineering and Electrical Engineering courses^ 
certain modifications were made, the most important 
of which was the division of the work in Physics, in 
the Electrical Engineering course, between the indi- 
rectly and directly technical groups. 

In summing up the amount of work in a course, the 
practical work in field, laboratory or shop, as compared 
to the recitation work, has been accredited according to 
the usage of each institution, the unit having been ob- 
tained either firom the catalogue or from an ofiicer of the 
college. The figures therefore represent credits rather 
than exercises or hours. As the unit of credit differs 
in different institutions (being two to one, or two and 
arhalf to one, or three to one) this may at first sight 
seem an unequal basis of comparison, but it is &ir to 
assume that all the institutions count upon occupying 
the Ml time of the indent, and that the differences in 
the methods of accrediting practical and recitation 
work arise from a difference in the amounts of time 
accounted necessary in the preparation of the subjects 
assigned, an element which cannot be tabulated. This 
variation in credits accounts, in some measure, no 
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doubt, for the variation in the figures which stand for 
the sum-total amounts of work of the different insti- 
tutions. 

In order to insure the correctness of these figures, a 
schedule was sent to each institution for correction 
before the figures were entered in the table. A large 
number of these schedules have been returned, with 
no important corrections, except in one or two special 
cases. It has, therefore, seemed safe to assume that the 
schedules not heard from, are sufficiently correct to af- 
ford a fair comparison. If errors have been made in 
interpretation, the same errors have been made in all; 
if any of these errors are important, the writer must 
beg to be exonerated. The figures were taken fi-om the 
sources suppUed by the institutions themselves, but 
the members of this organization need not be told that 
college catalogues are difficult to interpret. 

In cases where elective hours are given which may 
be taken in either culture or technical work, two sets^ 
of figures appear in the table, one showing the division 
of time with the elective hours taken as culture work, 
the other giving them to the technical side. It is prob- 
able that in actual cases the elective hours are divided, 
but the figures as given represent the extreme possibil- 
ities, between which other adjustments would he. 

The facts have been gathered fi-om all grades of in- 
stitutions, the lower having been included for the 
reason that so many engineers are graduates from these 
colleges that no discuLn pertaining to engineering 
education in this country is complete which does not 
recognize them. 

From the table it will be seen that the amount of 
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time devoted to culture work in the thirty-seven col- 
leges presented ranges from zero per cent to 36 per 
cent The average is 16i per cent, or if the one in- 
stitution which gives over 28 per cent is excluded, 
the average is 16 per cent. It is to be noted that it 
does not follow that those colleges which give the least 
time to culture work require the most for admission. 
Thus, of two of the leading colleges, the Massachusetts 
Institute of Technology and Columbia College, making 
essentially the same requirements for admission, one 
gives 21 per cent of its time to general culture work, 
while the other gives none; a third, making even 
higher admission requirements, gives 12 per cent to 
general culture. 

Of the subjects included in the culture group, Eng- 
lish and Language are the most widely given, all of 
the thirty-seven colleges including English, except the 
University of California and Columbia College, while 
the former presents elective hours which may be taken 
in English if desirable. Twenty-eight of these col« 
leges give one or more modem languages. Of those 
courses which give no language, one is the Civil En« 
gineering Course of Cornell University, the Mechani- 
cal Engineering Course of which does include a lan- 
guage. The University of CaUfomia, Swarthmore 
College,University of Nebraska, and the Alabama Poly- 
technic Institute, give electives which may be taken 
in language study. Of these, the three first named 
require a language for admission. Purdue University 
and the University of Tennessee do not require lan- 
guage work either for admission or in the course. 

8 
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Columbia College requires it for admissioii, but does 
not include it in the course. 

Fifteen of the thirty^^seven include Political Econ- 
omy ; among these are Cornell University, the Mas- 
sachusietts Institute of Technology, Worcester Poly- 
technic Institute and The Pennsylvania State College. 
Twelve give History, their requirements for admission 
averaging fiilly as high as those of the colleges not 
including it. Ten give English Literature. Geology 
appears in the schedules of seven colleges ; Constitu- 
tional Law in but six ; Hygiene also in six ; EtMcs in 
four;- Logic in two; International Law in but two. 
In one only, the Western University of Pennsylvania, 
Astronomy is included in the Mechanical Engineering 
course.. 

This is a brief resum6 of the culture work given in 
a good number of our leading Engineering Colleges. 
It shows a striking want of uniformity even among 
institutions of the same grade. It is not the purpose 
of this paper to criticise, or enter into a comprehensive 
discussion of these conditions, but there is one con- 
clusiipn that forces itself on the attention. This is, 
that considering the material they have to work upon, 
many of these institutions must be giving an incom- 
plete, one-sided education to their students. It seems 
that, although it is unquestioned that the graduate in 
engineering should be equipped with the broad culti- 
vation of a liberal education, yet it is the final de- 
cision of many colleges that time cannot be spared 
from work in technical lines to be devoted to general 
work. That this should be true in so large a number 
of cases is deeply to be deplored. Until the students 
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can be drawn from among yomig men who have al- 
ready completed a good general culture course, it 
seems essential that, in order to afford the best en-^ 
gineering training, a generous proportion of time be 
devoted to the humanities. Professor Burr's opinion 
on this point, e:spressed in his paper on '^ The Ideal 
Engineering Education," read at the Chicago meeting, 
may well be recalled. He says : 

" There are few professional men to whom the broad 
cultivating influences of a liberal education are more 
needful than to the engineer. His early professional 
pn^tioe doee not mdur.„y dovelopment whioh o«> 
fill the voids of a faulty general education, while his 
later practice demands what only the liberal training 
can supply." 

What shall be said of the later practice of the man 
who has not had the liberal training ? With the pres- 
ent large number of engineering colleges, competition 
among their graduates must be very brisk ; and, omit- 
ting exceptional cases, the man whose education has 
been broad enough to develop the man, as well as the 
engineer, will certainly outrank the one who is the 
product of the limited training of a purely technical 
course. The lower places in the engineering field 
must fall to the latter class. It is a fundamental prin- 
ciple that in order to rear a spacious structure a broad 
foundation must be laid. 

Training which leads in but one direction is not the 
best education. The young man who Ib ambitious to 
compete creditably with his fellows must possess the 
refinement, accompUshments and general culture of a 
gentleman in the best sense of the word ; the habits of 
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close observation and power to form correct conclusions 
of the good business man, in addition to a soM foun- 
dation of theoretical and practical technical knowl- 
edge. A man of moderate ability, with this training, 
will almost certainly outrank a man of exceptional 
ability whose whole training has been narrowly spe- 
cialized. 

The following charts show graphically the relative 
amounts of time given to different subjects in thirty- 
five institutions. The heavy lines represent percent- 
ages of total work on a scale of one-sixteenth inch to 
one per cent. 
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THE ELECTIVE SYSTEM AS ADOPTED IN THE 

MICHIGAN MINING SCHOOL. 

BY M. EDWARD WADSWOBTH, 
Director of the Miohigan Mining School, Houghton. 

In the United States two systems have been chiefly 
followed in the higher educational institutions — ^the 
Fixed and the Elective. The latter was introduced 
first in this country by President Wayland, of Brown 
University, and it has since been systematized and de- 
veloped with remarkable skill and success by Presi- 
dent EUot, of Harvard. Indeed, the system has 
proved to be so well adapted to the needs of modem 
times, and to be so popular, that it has made its way 
in the face of strenuous opposition, until all or nearly 
all of our colleges and universities have employed it 
for their work in general or Uterary, and scientific 
education. 

In technical or engineering education the case has 
been diflFerent, since even those colleges, like Harvard, 
Leland Stanford, or the University of Michigan, which 
have a most Uberal elective system for general educa- 
tion, have still only a partially modified form of the 
rigid system in the engineering or technical courses. 
The rigid system is disguised in most institutions in 
their technical work under the head of election be- 
tween various fixed courses, which may or may not 
have a few options, or it masquerades under an elec- 
tive dress to which it has but little, if any, right. 

The elective system proper in any of the higher in- 
stitutions giving general education, consisted of two 
features: 1st. The Essential Studies. 2d. The Se- 

(92) 
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quence of Studies. The first is composed of those 
studies which are considered in each institution as 
necessary, or essential to maintain the scholarship or 
traditions of the school in question, and in engineer- 
ing courses, not even excepting that at Harvard, the 
required or essential studies to-day constitute the 
chief amount of the entire course in any of the en- 
gineering branches. In the case of general or literary 
education, the number of studies that are considered 
essential usually rapidly diminishes, according to the 
experience and number of the faculty, until only a 
few studies are required ; and in time this feature will 
be fully eUminated. 

Regarding the second, or "The Sequence of Stud- 
ies," but little public attention is called to it in any 
statements relating to electives in any institution, al- 
though it is the keynote of them all. No school can 
maintain any elective system, or any work above a 
kindergarten or primary grade, without carefully con- 
sidering the question of the natural sequences. It is 
the unwritten law that no student can take calculus 
who has not previously prepared himself in algebra, 
nor can he study petrography without any knowledge 
of mineralogy. 

All the catalogues of the advanced institutions show 
that they tacitly recognize the law of sequence of 
studies with greater or less fullness, but I do not know 
of any which call attention to the fact, except the 
recent prospectus of the Michigan Mining School. 

In truth, the greatest curses that beset any system of 
electives are the neglect of proper sequences in the 
studies, and the tendency of various instructors to bid 



94 THE ELECnVE SYSTEM. 

for students by giving weak and inferior (technically 
known as soft) courses. This last, like many of the 
other ills of educational institutions, can be partially, 
if not entirely, removed by placing the charge of the 
instruction under one experienced executive head, 
which head is to be held strictly accountable for the 
success of the work, and is to be given absolute control 
over all the instructors, with power to discharge them 
if they do not properly perform their functions. In 
other words, there should be introduced into our col- 
leges more of the business methods of successful busi- 
ness houses — ^the direct responsibility for and power 
of the individual over everything placed under his 
charge. 

The Michigan Mining School has attempted, so far as 
the institution's province of training men to assist in 
the development of the mineral wealth of the country 
will enable it to do so, to apply to technical or engineer- 
ing education, the methods in use in the elective sys- 
tems employed for general or literary instruction. In 
accomplishing this it has tried to reduce to a minimum 
all studies to be taken by every student, to conserve 
the sequence, and to obtain thorough work by the 
business method of individual responsibiUty . 

The only studies required of all the pupils here are 
Elementary Geology and the Elementary Principles of 
Mining ; these are asked for, because it is believed that 
in any institution deahng with the problems relating 
to the mineral wealth the pupil should have some 
knowledge of geology and of mining methods, and also 
because the Director (who in this case happens to be in 
charge of the geological instruction) desires to come 
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into personal contact with every pupil in the school, 
early in his course. The above-mentioned studies re- 
quire, altogether, the pupil's presence in the class- 
room, only three times a week for thirty-four weeks. 

Outside of the Elementary Geology and Mining the 
student is allowed unrestricted freedom of choice in 
his studies, the same as he is in the literary, but not 
in the engineering, courses of Harvard, Michigan, or 
in any other of o\ir Universities. 

Emphasis is here placed upon the almost absolute 
freedom of choice at the Mining School, because many 
have mistaken the natural '^sequence of studies" for 
"required studies." This error happens because in the 
prospectus of the elective system, issued last May, spe- 
cial attention was called to the natural sequences in 
chemistry, metallurgy, mechanical, electrical and min- 
ing engineering, ore-dressing and geology, provided any 
student wished to obtain every particle of instruction 
that is given in the Mining School in any of the sub- 
jects named. These outline schemes are merely signs 
showing the student some of the numerous ways of 
reaching the upper rooms of the house, but he has ab- 
solute fi'eedom to use any of the other numerous ways 
that might just as well have been pointed out. Owing 
to the fiBLCt that in the usual discussions of elective sys- 
tems the natural sequence of studies is not dwelt upon, 
it was expected that these guiding lines would be mis- 
taken for required courses by many readers, although 
it was thought the error was sufficiently guarded 
against in the prospectus on pages 11, 13, 14 and 25. 
The precaution seems not to have been entirely suo- 
cessful, since a friendly hand in a friendly journal'*' has 

* Amerioan Geologist^ 1886, XVI., 130. 
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penned the following : "Students are allowed to select 
one of several courses with a certain principal subject, 
and in each course certain studies are required and 
the rest are elective. The school thus allows greater 
freedom in the selection of studies than do most mining 
schools.'' This friend has entirely misapprehended the 
facts, as the statements made above show. The free- 
dom of choice is not only greater than that allowed in 
all other mining schools or colleges, but, so far as the 
present writer is aware, also greater than that in all 
other technical or engineering colleges whatsoever. 

Although this is the first time this general freedom 
has ever been granted in any engineering college, the 
problem seemed to be so fully solved, so far as the 
special conditions of this institution are concerned, 
that when it was brought before the Faculty and the 
Board of Control it passed both bodies without a 
single objection. The ostensible working of the sys- 
tem does not go into full effect until September 16th 
of this year, yet the choice of electives has already 
been made, and the passage of all the students from a 
rigid system to an elective one has been accomplished 
without any hitch or difficulty, and also with the 
students' unanimous approval. 

The courses in operation up to the time of com- 
mencement, August 16th of this year, were two ex- 
ceedingly rigid ones. The required work demanded 
of the student from seven to ten hours a day, five 
days a week, for forty-five weeks a year, and for three 
or four years (according to which course was taken) in 
the class room, laboratory, field, mine, or mill, while 
his daily preparatory work had to be attended to in 
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outside time. When it is considered that all students, 
both special and regular, have been transferred, not 
only without trouble, but with general satisfaction, 
firom one system to the other, the success seems almost 
phenomenal. 

In the elective system of the Michigan Mining 
School the unit of work is taken as three hours a 
week in the class room, or nine hours a week in the 
laboratory, for thirty-four weeks ; and this amount of 
work is called a course or a full course, while any sub- 
ject scheduled in the prospectus for less time is taken 
for its proportionate part of a full course. The stu- 
dent, to obtain the degree of Bachelor of Science, must 
complete eighteen full courses, and to obtain that of 
Mining Engineer, twenty-two full courses, which in 
both cases include the subjects of Elementary Geology 
and Mining. 

Owing to the fact that the regular work in the 
Michigan State Mining School extends through forty- 
five weeks of the year, a good student can obtain his 
d^ree in three or four years, depending upon the 
question of whether he remains during the entire 
forty-five weeks each year, or for only the first thirty- 
four weeks, or also whether he wishes his course to be 
largely of practical or of theoretical work. 

At the present time this institution has announced 
aizty-five different subjects or studies fix>m which the 
pupil can make up his eighteen or twenty-two courses, 
only one of these full courses being of required work. 
In a required system of study the pupil can be carried 
over all the subjects that experience considers neces- 
sary for the successful prosecution of his future pro- 
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feesion, but this is always done at the expense of thor- 
oughness, and it pays but little or no attention to the 
individuality of every student or to the rapidly in- 
creasing specialization of work in every subject. It 
gains breadth, but it is at the expense of depth. 

In an elective system the individuaUty of the stu- 
dent, the specialization of work in modem times, and 
the Umitations of human capacity, are all considered. 
It loses in breadth, but it gains in the greater interest 
and, consequently, greater depth of the work done. 

Much can be said in favor of both systems, as the 
writer knows fh>m long experience with both ; but there 
is one point that ought to be the controlling factor in 
every engineering college in deciding what it wiU do 
for the future. If the signs of the times and the his- 
tory of education are read aright, this is true and cer- 
tain, that whether we like the elective principle or 
not, whether we are willing to adopt it or not, every 
engineering or technical college in the land must and 
will adopt it in its entirety sooner or later, or else 
perish. It needs no Daniel to read the handwriting all 
over our walls. 

Discussion. 

Pbof. Mansfield Merriman said that in regard to 
courses in mining it seemed to him that there was a 
greater freedom in choice and arrangement of the sub- 
jects than in any other kind of engineering courses ; 
that it was also very true that the number of students 
had decreased in a marked degree within a few years. 
Some mining courses, in fact, had gone out of exist- 
ence altogether, owing to lack of students. He thought 
that the freedom of election had been one of the causes 
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of the students leaving the mining coarse of study 
and going into chemistry imd civil engineering. The 
systematized courses appeared to be far the best, and 
if options were allowed, it seemed preferable that they 
should be confined to the senior year. 

Professor J. Galbraith felt that a system of the 
kind proposed in the paper was surrounded with 
great difficulties. If the student were to be left per- 
fectly free in the choice of the courses of study these 
courses would require to be perfectly self-contained, 
and there might be a great amount of overlapping in 
those selected by a student for his diploma. This 
overlapping means waste of time and labor. If the 
courses are arranged so that the number of combina- 
tions is very limited the students will be obliged to 
consult their teachers as to the best sets of combina- 
tions. Thus the so-called elective system will resolve 
itself into something very Uke the authoritative sys- 
tem. Students, as a rule, are not qualified to select 
the various courses necessary for an engineering di- 
ploma. The experiment will be watched with in- 
terest. It appears to the speaker that a great deal of 
the desire at present noticeable among students for 
fi'eedom of choice in their studies arises from their 
fiilse conception of the German student. The latter 
is given in the university great freedom. Our stu- 
dents see this, but they forget or do not know that 
the German student has already gone through a disci- 
pline of the most severe kind, stretching over eight or 
nine years in the gymnasium or the Beal schule, 
which has little or no counterpart in this country. 

Professor John M. Ordway would distinguish in 
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this matter between the option of subjects and the op- 
tion of courses. The students should be required to 
take up certain subjects, such as hydraulics. Mining 
engineering might be divided into two or three diflfer- 
ent sections. One would involve more chemistry, 
another more of civil engineering and another more 
of mechanical engineering. The student should be 
allowed to choose one of those courses and the subjects 
that belong to it, and not to select individual subjects. 
Professor Heinrich O. Hofman explained that at 
the Massachusetts Institute of Technology a few years 
ago there were in the mining department four different 
options with special reference to mechanical^ civil 
and chemical studies, in order to satisfy the demands, 
in addition to the general mining and metallurgical 
course which a student took, if he showed no special 
preerfence for any of these branches. After a few 
years these options were found to work unsatis- 
factorily and this for two reasons: First, they re- 
quired a larger number of special teachers than it 
could very well be demanded of any school to furnish ; 
and secondly, students who had chosen one of the 
three special options found that the situations open to 
them after graduation were probably not in the special 
line they had selected. The department had now 
dropped two of the options, retaining the one in which 
the main study was mechanical engineering. It ad- 
vised every student who did not know definitely that 
he was to enter the iron and steel industry to take 
the general course as the only satisfactory way of 
thoroughly equipping himself to take up any branch 
of practical work. 






GRAPHIC METHODS IN ENGINEERING 

EDUCATION. 

BY L. M. HOSKINS, 

PiofesBor of Applied Mechanics, Leland Stanford, Junior, University, 

Palo Alto, California. 

The claims of graphic methods to a place in our 
courses of study have been repeatedly urged, and in 
most American technical colleges have received a cer- 
tain amount of recognition. In the majority of our 
colleges, however, these methods occupy only a sub- 
ordinate position. Graphic statics usually finds some 
place in the curriculum, but the attention given to it 
varies from a few lectures up to a systematic course of 
several months. Few, if any, of our American col- 
leges offer so extended a course as is often given in 
Europe. General graphic methods commonly receive 
little or no systematic treatment, although probably 
the majority of teachers make more or less use of them 
incidentally. It is thus sufficiently evident that 
graphic methods are held in quite various degrees of 
estimation by those who shape our courses of instruc- 
tion. 

This variety of opinion is doubtless due in some 
measure to differences of individual training. The 
method a person has most thoroughly mastered is 
very likely to seem to him the best, so that it is not 
easy for him to give the question wholly unprejudiced 
consideration. It is quite possible that, while on the 
one hand too much has been claimed in behalf of 
graphic methods, there has been on the other, a failure 
to recognize thdr full value. 

9 (101) 
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In attempting to consider impartially the proper 
relative position of algebra and graphics in our courses 
of study, it will be useful to keep in mind certain 
general principles. Methods of instruction should be 
chosen with a twofold object; the student should gain 
a clear knowledge of general principles, and he should 
also acquire facihty in the appUcation of these prin- 
ciples to particular problems. Of these objects, the 
first should be fundamental, the second subsidiary to 
it. The usefulness of a general principle (at least so 
far as the practical requirements of the engineer are 
concerned) consists in its applicabihty to the solution 
of particular problems ; moreover, one can rarely be 
sure of his grasp of a general principle until he has 
tested his abihty to apply it to a particular case. But 
it is none the less true that the general principle is 
more important than the special problem. Engineer- 
ing is scientific just in proportion to the generality of 
its principles and methods. 

A comparison of algebraic and graphic methods in- 
dicates that each possesses certain advantages. On the 
side of algebra the main advantages are generality and 
precision. It cannot be denied that graphic methods 
fall far short of algebraic in generality. Algebraic 
analysis is applicable to the development of almost 
any subject, and to the solution of all manner of prob- 
lems. The methods of graphics, on the other hand, 
are to a large extent special, applicable only to partic- 
ular problems ; so that for every new problem a new 
method of treatment must be devised. Again, the de- 
gree of precision attainable by graphic constructions is 
hmited, while the methods of algebra and arithmetic 
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are subject to no such limitation. In some cases this is 
an important consideration, in many cases not. Thus^ 
while many of the trigonometrical problems of survey- 
ing are readily solved by graphic construction, such 
solutions are usually not sufl&ciently precise. On the 
other hand, the degree of precision requisite in most 
problems of applied mechanics is readily attainable by 
graphic methods. 

The chief advantage of graphic methods is the sav- 
ing of labor which often results fix)m their use. The 
methods of algebra and arithmetic, in spite of their 
generaUty, have practical limitations. The algebraic 
treatment of a problem often leads to compUcated ex- 
pressions which can be handled only with great labor. 
In such cases the labor may often be greatly abridged 
by use of graphic constructions. The writer recalls an 
instance in which it was desired to compute a series of 
values of a complex expression, involving trigono- 
metric and logarithmic functions. The computation 
by use of tables seemed to involve many hours of labor ; 
but a careful uispection suggested a graphic construc- 
tion by which the required computations were made 
with all requisite precision in a couple of hours. One 
who is accustomed to look for graphic methods is sure 
to meet many such instances. Another consideration 
of no slight importance is the gain of clearness that 
often results from the use of graphic methods. Many 
minds find great difficulty in grasping clearly the 
meaning of algebraic formulas, while the same rela- 
tions exhibited graphically are readily understood. 

Much more might be said in detail regarding the 
relative claims of algebra and graphics, but these 
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seem to be the most important of the considerations that 
should govern us in assigning to each its proper position. 
Bearing in mind the principles already stated, it is 
not difficult to reach a general conclusion regarding 
the question before us. If it is true that a method is 
important in proportion to its generality, algebraic 
methods should unquestionably be made fundamental. 
But on the other hand, the undoubted value of graphic 
methods in saving labor and in promoting clearness 
of thought would seem to entitle these methods also 
to a position of some importance. If it were neces- 
sary to sacrifice one or the other, undoubtedly graphics 
could be spared better than algebra. But it is not 
necessary to sacrifice either. It is true that the limi- 
tation of time is often an important consideration. 
There has been in recent years an increasing tendency 
to speciaUze our courses with the object of giving di- 
rect preparation for practical work. Up to a certain 
point this undoubtedly increases their efficiency ; but 
the resulting tendency to shorten the time allotted to 
to the general subjects of the course must not be per- 
mitted to go too far. The general subjects are after 
all of paramount importance. The general principles 
of geometry and mechanics are fundamental to all 
branches of engineering ; and these, together with 
those mathematical methods which are necessarj- for 
their efficient development, must remain the basal 
subjects of the course, in whatever direction it may 
later be speciahzed. Too high a degree of efficiency 
can not be attained in these fundamental subjects; 
and a proper use of graphic methods can not fail to 
be of great service in promoting this efficiency. 
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It remains to consider the specific question how 
much time may properly be given to graphics in the 
ordinary four-years' course, and the related question 
whether graphic methods should be taught in inde- 
pendent courses, or in connection with algebraic 
methods. 

At the first meeting of this society a paper was read 
in which was strongly urged the desirabiUty of intro- 
ducing an independent course devoted to the general 
subject of graphics. The merits of this proposition can 
not well be judged without specific information as to 
what the proposed course is to include. If the graphic 
methods of use to the engineer can be shown to ad- 
mit of independent development and systematic pre- 
sentation, the claim for an independent course de- 
voted to them may perhaps be admitted. But the 
fact seems to be that, of the graphics of which the en- 
gineer can profitably make use, a large part is not sys- 
tematized, but consists of unrelated methods appUca- 
ble to special problems. So far as this is the case, 
these methods may be best explained in connection 
with the general treatment of the particular subjects 
concerned. The case in favor of an independent 
course in general graphic methods does not seem to 
be estabUshed. 

With graphic statics the case is different. The 
science of statics has been shown to be peculiarly 
adapted to graphic treatment. In fact, that part of 
statics which is of particular importance to the en- 
gineer admits very largely of independent development 
by graphic methods. In view of this fact, there is an 
advantage in devoting an independent course to the 
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subject. This course may run parallel with a course 
in which algebraic methods are used, or one may follow 
the other. The latter method has the advantage that 
one course serves well as a review of the other. In 
any case the student should be led to compare the two 
methods, and to appreciate their relative advantages 
and disadvantages. 

As to the extent of the course in graphic statics, 
two opposite errors must be guarded against. On the 
one hand, when the subject is treated in an independ- 
ent course, there is danger of too great elaboration. 
Graphic methods in statics have been developed far 
beyond the point at which they are of practical use to 
the engineer. The instructor is hable to be led on by 
the fascination of the subject to a forgetfulness of the 
importance of other branches and of the Umitations of 
time. This danger exists in all subjects, but is espe- 
cially great in the subject under discussion. On the 
other hand, there is danger of making the course un- 
duly brief Although the fundamental principles of 
the subject are not difficult, the average student does 
not master them without careful study and practice. 
The opinion seems to prevail in some quarters that the 
only preparation in graphic statics which is of real 
value to the student is the ability to draw in a me- 
chanical manner simple stress diagrams. The views of 
practicing engineers who are equipped with a knowl- 
edge of graphic methods are a sufficient refutation of 
this opinion. A graphic construction should not be a 
mere mechanical process. Sufficient time should be 
used in class and draughting room to give the student 
an independent grasp of the main general principles. 
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For an elementary course in graphic statics, covering 
only those portions of the subject which may profit- 
ably be taken by all engineering students, the writer's 
experience indicates that less than a third of a year is 
inadequate to the attainment of the desired object. 
Students speciahzing in bridge or structural engineer- 
ing may profitably take an advanced course of a se- 
mester or more, according to the time available. 

As to the time to be given to graphic methods aside 
firom statics, it seems impossible to lay down any defi- 
nite rule. If, as above suggested, these methods are 
to be introduced into particular courses wherever 
found useful, rather than treated in an independent 
course, the time devoted to them must be fixed by the 
requirements of each particular case. The writer be- 
Ueves strongly that the student should be led to ac- 
quire the habit of looking for graphic methods, as 
well as some facility in using them ; and that a con- 
siderable amount of time devoted to these ends will be 
well spent. In this connection it may be suggested 
that an important part of the student's equipment is 
a thorough familiarity with elementary geometry. 
The importance of this is too often overlooked. Ge- 
ometry is one of the standard requirements as a pre- 
paratory subject, but in the university or technical 
college, geometry often yields almost wholly to algebra. 
The conic sections are usually studied, but only in the 
course in analytical geometry ; and ofl;en the impres- 
sion is left with the student that the geometrical re- 
lations are of less importance than the algebraic pro- 
cesses. It is not surprising that students are often 
slow to appreciate the value of graphic methods. 
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A word of a general nature may be added in con- 
clusion. In the foregoing discussion it has been tac- 
itly assumed that each subject in the course should be 
pursued only so far as it admits of practical applica- 
tion in the work of the engineer. Limitations of time 
make it necessary to apply this rule to the majority 
of subjects. No one, however, beUeves more firmly 
than the writer that the education of the engineer 
should not be limited by any narrow standard of util- 
ity. If time permits, many of the subjects of the 
course may profitably be pursued far beyond the 
special requirements of the engineer. It is most de- 
sirable also that time should be available for such 
general subjects as literature, economics and history. 
The ideal education for the engineer must be both 
broad and practical. To approach this ideal without 
unduly lengthening the time devoted to the course is 
the difiicult problem which engineering educators are 
called upon to solve. 

Discussion. 

Professor John B. Johnson hoped to hear a few 
words from Professor Woodward on this subject ; he 
had heard him give expression to some interesting 
ideas on it, in Chicago. 

Professor R. S. Woodward was sorry not to have 
been able to attend the meetings continuously. What 
he heard of this paper coincided very nearly with his 
own views. He heard at Chicago a discussion of this 
question. The ground taken by him was not at that 
time very much occupied, and so he took what he 
thought was the " other side," quite as much because 
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of that fact as anything else. Nearly all present were 
familiar with the fact that there was a considerable 
number of engineers now who were deeply imbued 
with the graphic process, that they applied it to every- 
thing, almost. This was sometimes unprofitable. The 
reason why that process was resorted to so frequently 
was that almost all our students, as they came up 
from the preparatory schools, had an excessively bad 
preparation in arithmetic. In his own experience, in 
teaching, the greatest difficulty to the students who 
studied analytical mechanics was in the use of arith- 
metic, and he wa. compelled to teach arithmetic con- 
tinuously. It was rare to find a man who could go 
through a long calculation and know when he reached 
a correct result. For work in three or four figures 
one should use tables, rather than try to do with elabo- 
rate pictures what could be much more easily done 
with ordinary appliances. 

Professor Johnson said, as related to this paper, and 
perhaps better stated here than anywhere else, that he 
beUeved in insisting upon the teaching of the use of 
the slide rule. When the subject of logarithmic tables 
was reached, then the theory of the slide rule should 
be taught immediately and its use encouraged through- 
out all the rest of the college course. It was an in- 
strument that was in common use in all of the bridge 
offices, and the Thateher slide rule carried very readily 
the results to four places if the first figure was more 
than five, and to five significant figures if the first 
figure was less than five ; thus making it an accurate 
instrument of computation in ninety-nine cases out of 
a hundred in which the engineer had to work. Either 
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that or the common pocket slide rule should be used. 
The latter rule was almost universally used abroad, 
but was seldom seen in this country. It should be 
taught scientifically, and that was one of the applica- 
tions of graphics. Keufiel and Esser, New York, have 
placed a very good student's slide rule on the market 
at the low price of one dollar. 

Professor Mansfield Merriman called attention to 
Professor Hoskins' statement that the algebraic meth- 
ods were more general than the graphic. It seemed 
to him that the reverse was true. The geometric, or 
graphic, method was general ; the result was special. 
The algebraic method, as applied to a problem, as a 
rule was a special treatment, but the result, when 
reached, was a general one. Algebra is easier than ge- 
ometry because it is special and not general. Geom- 
etry is a more powerful instrument of investigation 
than algebra to those who can use it. If there is any 
branch of elementary mathematics that needs im- 
provement it is geometry. There are few boys from 
fourteen to sixteen years of age who can go through a 
course of geometry and master it thoroughly, unless 
they have a bent in that direction. They may de- 
monstrate the propositions and meet the requirements 
of the teacher, but their ability to use the geometric 
method is usually not of a high order. 

Professor Francis R. Fava believed that the suc- 
cess in teaching graphical methods, or the non-success 
so far had been due to the fact of some lack of system. 
All courses should cooperate, and each instructor 
should measure how far grapliical methods are appli- 
cable in his line. 
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The author recognizes that there is a just criticism 
against one method of using text-books, but he believes 
that there is a proper use of them and also that they 
should be of the very best. The latter is a particularly 
important matter for engineering colleges, since almost 
without exception they take young men fix)m eighteen 
to twenty years of age who have little or no experience 
or knowledge of things engineering, and attempt to 
give these yoimg men a general education and also a 
professional training in four years. The task is 
Herculean, and a modicum of success can be attained 
only by removing every obstacle and employing the 
most eflBcient methods. The writer has long believed 
that there was opportunity for a very considerable im- 
provement in ordinary text-books, particularly the 
technical ones used in engineering colleges. 

The object of the present paper is to suggest some of 
these improvements, with a hope that some benefit 
may be derived from these suggestions and that the 
labors of engineering professorfmay be Ughtened and 
the engineering students be profited. The author 
hopes that no one here present will fail to enter an 
objection, if he dissents from any of the statements 
made by the writer ; and he also hopes that those who 
hear this paper will present in the discussion further 
suggestions as to conditions to be observed in the 
preparation of text-books. 

The writer believes that some of the specifications 

(111) 
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intended primarily for text-books are applicable ' also 
to engineers' official reports, to contributions to en- 
gineering society proceedings, and to articles in en- 
gineering periodicals. Current technical literature 
constitutes a not inconsiderable part of the material 
employed by the engineering instructor in educating 
his students, and for this reason alone the professor is 
very much interested in the general form in which 
such hterature is presented to the pubUc. 

1. The first requisite of a text-book is that the lan- 
guage shall be clear and concise. Not only should 
the statements of the text be clear when standing 
alone, but the writer should have in mind the degree 
of preparation of the student and fit the statement of 
the text to the probable mental content of the reader. 

Writers of technical books appear to be more con- 
cerned in showing the depth of their own learning, 
than with the method of imparting knowledge. 
Ruskin has said that one of the greatest feats of the 
human intellect is to see something clearly, and then to 
describe it in plain and simple language. Writers of 
text-books doubtless feel that they have seen some- 
thing worth describing, but their vision is largely 
useless unless they reveal it to others. How many 
times in your own reading, are you compelled to 
re-read a part of a sentence or a whole sentence or 
even a paragraph, before catching the meaning of the 
printed page ? The learner who is investigating the 
matter for the first time will inevitably lose his inter- 
est and secure at best a clouded view, if he is com- 
pelled fi^equently to retrace his steps and read again 
that which should have been clear at the first reading. 
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2. The subject should be presented in accordance 
with fundamental pedagogical principles. 

Perhaps I can make my meaning most clear by an 
example covering one phase of the subject. In a 
mathematical text-book much used in colleges a few 
years ago, the method of treatment was to begin each 
new proposition by calling attention to certain geomet- 
rical relations in a figure of the text, and then direct- 
ing the student to perform certain algebraic opera- 
tions, and finally drawing the conclusion. The 
student was left to grope his way through the several 
operations without the least idea of the purpose or 
object of the investigation, until he arrived at the end 
of the discussion. In this particular, Church's De- 
scriptive Geometry is an ideal of the proper method. 

This is a very important matter, second only to the 
preceding ; but it is difficult to discuss it in general, 
and hence enough has probably been said. 

3. A text-book should be more than a cyclopsedic 
collection of facts. The facts of the book should be 
grouped to develop and illustrate fundamental prin- 
ciples. Many text-books are too comprehensive and 
contain* more matter than can be assimilated by the 
student. The ideal text-book should give a clear and 
complete discussion — a little more than the student 
can master in the time available, but not loaded with 
details. Supplementary and explanatory matter 
should be printed in smaller type. 

4. The matter should be classified by being properly 
divided into chapters, articles, sections and paragraphs. 
Text-books are usually divided into chapters, but the 
chapters are not always arranged in a logical order. In 
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a book before the author as he writes, folly half the 
chapters seem to be located by chance. Such an ar- 
rangement not only makes it difficult to find what is 
said upon any particular subject, but must inevitably 
prevent the student fi-om getting as clear and compre- 
hensive a view of the subject as he otherwise would. 

Some authors of text-books seem to beUeve that 
chapters should contain only about a certain number 
of pages. This method of division has certain advan- 
tages for a novel pubUshed as a serial, but is unworthy 
a scientific treatise. Again some authors apparently 
desire paragraphs of nearly uniform length, irrespec- 
tive of the sense. The writer knows a book in which the 
students nearly invariably make a mistake in referring 
to an important paragraph, as they must fi*equently 
do, because the author chose to put a limiting condi- 
tion in the last sentence of an unrelated preceding 
paragraph. 

The division into chapters, articles, sections, and 
paragraphs should be wholly for the purposes of clas- 
sification. To do otherwise is loose and unscientific, 
and tends to develop in the student slovenly habits 
of thinking and working. 

5. The several divisions and subdivisions of the 
chapters should be clearly indicated by distinctive 
headings. An excellent way of indicating these sev- 
eral divisions is to divide the chapter into articles, 
each having a serial number ; to designate the major 
divisions of the articles by capitals or small capital 
sub-heads of a style of type different from that of the 
body of the page ; and to indicate subdivisions of ar- 
ticles by small capitals or italic side-heads. Still 
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further subdivisions may be designated by section 
marks with or without serial numbers, or the serial 
number may be used for this purpose without the 
section mark ; but in either case, the section mark or 
the number should be of a style of type different from 
that used in the body of the page. Indicating the 
section by the serial number, permits a convenient and 
valuable system of cross references. 

If the headings are designated by some such system, 
the reader can get a comprehensive view of the subject 
simply by reading the headings, which is of very great 
advantage to the student in studying his lesson for the 
first time, and in reviewing, and also in using the 
text-book as a reference book. 

Not only should the several divisions have distinc- 
tive headings, but the position or style of type, or 
both, should indicate the relation of the several sub- 
divisions. Without a proper subordination of head- 
ings, it is sometimes diflftcult to understand the text. 
The writer is familiar with a book, in several particu- 
lars a most excellent one, which had been used for a 
number of years with unsatisfactory results. The 
teacher finally concluded that the difficulty was that 
the students did not have a clear conception of the 
relation of the several parts, owing to a faulty arrange- 
ment of the headings. Sometimes the heading of a 
minor subdivision was printed in the position or style 
of type of a major division ; and vice versa, some of 
the major divisions had the same form of heading as 
the minor subdivision. Naturally the student had 
never discovered the logical relationship. After pre- 
paring an analytical table of contents of the most diffi- 
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cult chapters, marking the headings in the book accord- 
ingly, and transposing a few subjects, the difl&culties 
vanished. Possibly this may seem a trivial matter, 
but after several years of observation, the writer is 
convinced that it is well worth consideration in writ^ 
ing or in selecting a text-book. As instructors, the 
members of this society should carefully consider such 
questions, if we are to economize the students' time 
and make the most of our own opportunities. 

6. The typographic arrangement of the book should 
be such that the reader can easily find any particular 
portion. The running title at the head of the page 
should indicate the different divisions of the book. 
An excellent arrangement is that in which the left- 
hand page shows the title of the chapter and also its 
number, while the right-hand page shows the number 
and subject of the subdivision of the chapter. Care- 
ful attention to these matters will save the reader 
much time in turning to the different parts of the 
book. This saving is particularly important in con- 
sulting reference books, and many text-books are used 
also as reference books. 

At present, the heading at the top of each page 
usually consists of the title of the book, an arrange- 
ment which makes the convenience of the manu- 
facturer of the book subservient to that of the user. 

7. As far as possible all figures and diagrams 
should be inserted in the text, and a little study in 
locating these diagrams will save considerable annoy- 
ance to the reader. For example, not infrequently 
the diagram is placed on the right-hand page, and the 
text which requires frequent reference to the diagram, 
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is placed upon the succeeding left-hand page ; conse- 
quently the reader must each time turn the page over 
to consult the diagram. In the example assumed, 
the objection could be removed by placing the dia- 
gram on the succeeding, instead of the preceding, 
right-hand page. Of course the remedy is not al- 
ways as simple as in the illustration above, but a very 
little attention to this matter would greatly improve 
many text-books. 

If possible, each figure or diagram should contain 
upon its face some hint or suggestion as to the matter 
represented. For the sake of easy reference, this 
legend should not be placed in the body of the 
diagram ; and for the sake of uniformity, it should be 
at the bottom rather than at the top of the figure. 

8. Folding plates should be placed at the end of the 
volume. If they are distributed through the book, 
they interfere with the rapid consultation of the text ; 
and if they are referred to by number, it is very diffi- 
cult to find them. 

The folding sheet should have a blank stub at the 
inner end, such that none of the printed matter can 
be covered by the adjoining pages of the book. With 
this arrangement, when the plate is spread out both 
it and the explanatory text may be consulted with- 
out the interference of the intervening portions of the 
text. 

Each folding plate should have upon its face the 
number of the plate, a descriptive legend, and a 
reference to the portion of the volume where the ex- 
planatory text may be found. This title should be 
placed also upon the outside fold, as otherwise much 

18 
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time is wasted and the plates are injured by unfolding 
several in search of a particular one. 

9. The clearness of matter containing mathematical 
formulas can be greatly increased by even a little at- 
tention to the nomenclature employed. In the first 
place, the characters used should suggest the quantity 
represented. For example, iJ is a much better desig- 
nation for the radius than aor k; and R and r are 
much better designations for large nidius and small 
radius, respectively, than R and R'; also Ri and jR^ are 
better designations for the radii of the inside and the 
outside rails, respectively, than P and Q, or r and i2, 
or R and R', or any other combination that can be 
devised. Again H and Hj are much better charac- 
ters to represent the barometric reading at the upper 
and lower stations, respectively, than H and h, as are 
frequently used. Doubtless some of my hearers have 
been compelled to insert a rational nomenclature be- 
fore being able to decipher some otherwise compara- 
tively simple matter. Other things being equal, the 
nomenclature employed should be that used by other 
writers on the same subject. 

It is very desirable that as nearly as possible, the 
same nomenclature should be used throughout the 
volume, and that the same character should not be 
employed for two purposes in different parts of the 
book. 

The nomenclature should be explained before it is 
used. Frequently a reader is compelled to skip the 
formula and read the nomenclature, and then turn 
back to the formula. 

Finally, the nomenclature should be stated in a 
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form convenient for ready reference; and rarely, if 
ever, should the explanation of the nomenclature 
occupy an obscure parenthetical phrase of the text. 

10. There is room for great improvement in many 
text-books in the manner of printing formulas. For 
example, it is much easier to understand the following 
expression in its first form than in its second : 

b , ^ aindh 

— smd: 

« a 

It is undersirable to use two systems of nomenclature 
in the same formula. For example, it is unfortunate 
to designate one hne by a single letter, and another 
Ime by two letters, one for each end. If this condition 
can not be satisfied, the objection can be lessened by 
attention to the relative space between the several 
letters. 

For convenience of reference, particularly in the 
recitation room, each formula should have a serial 
number. This series should be continuous through a 
chapter or, at least, a major division thereof 

11. Each table should be designated by a serial 
number, for convenience of reference. Even though 
the author himself does not refer to the table by its 
number, the instructor in the recitation room fre- 
quently has occasion to make such reference. 

AU tables should carry at their head, an explana- 
tion of their contents. Astonishing as it may be, it is 
not unusual to be compelled to search the text hne by 
line for the meaning of some table. It is needless to 
say that such a table is of little or no value, unless 
the reader suppUes the necessary explanation by his 
own hand upon the face of the page. Each column 
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of the table should contain a statement of its contents 
or an explicit reference to such a statement. 

The relative order of the columns is also a matter 
worthy of consideration. Not infrequently two 
columns which must be used together, are placed on 
opposite sides of the table. 

For convenience of reference, particularly in the 
class room, it is desirable that each horizontal line of 
the table should be designated by a serial number. 

For convenience of consultation, the table should be 
divided -horizontally by what may be called blank 
lines. If there be no divisions depending upon the 
nature of the table, these horizontal subdivisions 
should be placed every three or five lines. The first 
is the better, but is the more expensive. Almost in- 
variably logarithmic and trigonometric tables are di- 
vided horizontally into sections of ten Hues each, 
which arrangement requires both hands, or a straight 
edge, to take out numbers. If such tables were di- 
vided horizontally into sections of five hnes each, 
numbera could be taken out without following a Une 
across the page with a pencil, and hence the table 
could be used more rapidly and with less fatigue to 
the eye. Of course, a division into sections having 
less than five lines each would be still better, but is 
more expensive. 

For convenience in using, the major vertical divis- 
ions of the table should be indicated by a double rule. 

Sometimes an author, instead of presenting his tab- 
ular matter in two or three long narrow columns, cuts 
it up into sections, and prints them side by side in- 
stead of end to end. This arrangement brings sections 
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of the argument in parallel columns, which is unfor- 
tunate, since there is danger that the argument in the 
first section of the table may be used with the results 
in some of the succeeding sections. For example, 
Carnegie's Pocket Companion, edition 1892, page 107, 
contains a table of this sort, with which the writer's 
students have frequently made errors by using results 
in the second portion of the table with the argument 
in the first part. The defect in the arrangement of 
the table is in not distinguishing clearly the two parts 
of it. In other words, there should have been a 
heavy vertical line through the middle of the table to 
separate the two portions. As a general rule, it is 
much better to present a single narrow table than a 
double or divided one. 

Every table should contain in the text some refer- 
ence to it. The writer has frequent occasion to consult 
a book which contains a number of convenient and 
valuable tables of which a careful reader would be 
entirely ignorant, except as he should accidentally 
discover them in turning over the collection of tables 
at the end of the volume, and but few students do so 
discover them. The writer has been trying for over 
a year to find the meaning of an apparently valuable 
table in a United States public document published 
by one of our most noted scientific bureaus. 

The collection of "useful tables" frequently printed 
at the close of the volume should be preceded by a 
Ust of titles. 

12. All cross references should be to the page rather 
than to the section or article. The author is aware 
that this requires page or plate corrections, but never- 
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theless he firmly believes that the advantage is well 
worth the cost. It is difficult enough to persuade stu- 
dents to look up cross references, and it is certain that 
very few references by section or article are ever con- 
sulted. 

It is insufficient to refer to a formula simply by 
number. While preparing this paper, the writer had 
occasion, in connection with another matter, to consult 
a nearly ideal text-book ; but the two or three lines 
which he wished to examine contained a reference to 
an equation designated simply by number, and the 
writer was compelled to turn about twenty pages before 
he could find it. 

13. All excerpts should be published with the origi- 
nal pagination; and all references to such matter 
should, if possible, use the original pagination. 

14. Each volume should have a fiill analytical index 
with page references. There is no probability of mak- 
ing the index too full. The references should be to 
the page, instead of the section or article. 

Incidentally it should be noted that a table of con- 
tents, however full, is not. an equivalent of an analy- 
tical alphabetical index, the practice of some authors 
to the contrary notwithstanding. 

15. The mechanical execution of the volume should 
be in keeping with its Uterary quaUties. But as this 
paper is already of unexpected length, the writer will 
not discuss this phase of his subject, but invites sug- 
gestions on this point in the discussion of the paper. 
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Discussion. 

Prof. Frank 0. Marvin thought large volumes 
objectionable for many purposes. In many cases if 
books were cut in two in the middle it would be de- 
sirable, for in that event, the first part would often be 
used where the book, as a whole, might not be gen- 
erally used, and at the same time furnish volumes of 
portable size instead of one bulky book for those using 
Z entire work. 

Prof. Henry S. Jacoby desired to call attention to 
one point, and that was in regard to the notation em- 
ployed in formulas. It was a matter of great im- 
portance, because of the fact that students had to 
remember a large number of these letters and the 
things which they represented. In algebraic pro- 
cesses certain letters were employed whose use was so 
general that they ought to be made universal ; for in- 
stance, I for moment of inertia ; v for velocity ; / for 
length ; M for bending moment, etc. Some systems 
of notation required an undue amount of effort to re- 
member what was represented. There often seemed 
to be no relation whatever between the letter used and 
the word for which it stood. If, therefore, a natural 
system could be found, it would be desirable to follow 
it just so far as possible. 

Prof. Francis R. Fava, Jr., felt this to be a very 
important subject — that of notation — ^and asked if this 
Society could not appoint a committee to study this 
matter and report at some other session. This sugges- 
tion was made, however, without any desire to be a 
member of such committee. 
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The President suggested that this question be post- 
poned until Wednesday, when, at the business meet- 
ing, the suggestion could be put in the form of a mo- 
tion, and acted upon. 

Prof. Mansfield Merriman alluded to the old say- 
ing which stated that the appendix is the soul of the 
book, where the author is not constrained by the for- 
mality of the text. Of late years however, some au- 
thors have been putting into the appendix a mass of 
matter cUpped out of engineering periodicals, which 
certainly might be better referred to by a descriptive 
index. 

Prof. C. Frank Allen referred to a point which he 
did not remember as being advanced in Professor 
Baker's paper. In demonstrations in text books, it 
was very desirable to avoid doing either too much or 
too little for the student. A golden mean should be 
observed in this respect. Enough should be done to 
allow the average student to follow without too much 
loss of time, and not enough to reUeve him of the re- 
sponsibility of doing some good, hard work on the 
subject. 

Again, in the transformation of equations there was 
often an opportunity to arrange the matter in a way to 
secure clearness. Sometimes, instead of an additional 
line showing that a certain quantity A was equal to 
another quantity 3/, it was possible, by placing one 
quantity directly under the other ( M under A), to in- 
dicate the equality so clearly that the reading of the sec- 
ond line would suggest everything necessary. It was 
possible in this way to secure what might be called a 
clearer style, and to avoid unnecessarily diverting the 
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mind of the student. Gain could be made in these 
two directions. 

The Author writes that, since forwarding his manu- 
script, he has found a memorandum of the following 
point, which he had intended to include in his paper. 
In inserting lettera in diagrams or figures, for purposes 
of reference, it is important to place the letters in such 
an order that they may be easily found. For example, 
if the point designated by A has been referred to, the 
letter B should be used to designate the point next to 
A in position or in relationship. Often much time is 
wasted in hunting over the face of a drawing for refer- 
ence letters, which have been arranged without any 
order, and which seem to be playing hide and seek. 
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Before this subject can be intelligently discussed, it 
is necessary to determine why drawing and shopwork 
are taught at all in a technical college. It has 
seemed best to consider these two branches together, 
since the same principles apply to both and the two 
are closely related both as educational factors and as 
practical pursuits. 

The value of any form of manual training in culti- 
vating the perceptive faculties, in giving better ideas 
of the forms and relations of objects, and in promoting , 
habits of accuracy and exactness is now generally rec- 
ognized. The value of drawing in stimulating the 
imagination, in training the memory and as a means 
of expression, is not for the engineer alone but for 
any man. 

These are the reasons why drawing and carpentry 
and machine work should be taught in our public 
schools as a part of our general educational system. In 
the public schools the instruction in these subjects 
should be of such a character as best to present the 
educational side. 

To a certain extent the same is true in the technical 
college. The fact that the work in the technical col- 
lege is shaped by practical considerations does not de- 
prive it of its educational value. 

One great aim of every such school should be the 

(126) 
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training and development of the mental powers of its 
students, and those are the most successfiil teachers 
who can teach in such a way as to insure this. 

But, after all, the real object of an engineering col- 
lege is to supply a certain demand and the product 
which it turns out must be such as to satisfy the re- 
quirements. No doubt technical colleges have in the 
past created and shaped the demand to some extent, 
and may continue to do so. In general, however, 
manufacturers and employers know what they want 
and will not be moved to change their views by any 
theoretical considerations. 

The most practical and economical methods in 
drawing and in manufacturing machinery have been 
determined by a long course of experience, with its 
successes and its failures, and from their very nature 
are not usually susceptible of theoretical demonstra- 
tion. 

If an engineer has found by trial of this and that 
way of making a drawing, or a pattern, that a certain 
way produces the best results in the least time and at 
the least expense, no amount of argument founded on 
theory will induce him to change that way. Instruc- 
tors who have had actual shop experience outside of 
school are uniformly more successful in teaching these 
branches. 

They should always keep in touch with engineers 
and manufacturers that they may understand the re- 
quirements of the profession and endeavor to meet 
them. The drawing and sometimes the shopwork for 
the first year is more of the manual training type, but 
early in the course the work should assume the char- 
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acteristics of outside practice. We must not, however, 
lose sight of the fact that we are training engineers 
and not artisans. 

I would give freehand drawing a prominent place, 
but would prefer to have it follow rather than precede 
the elementary mechanical drawing, and would make 
it a part of the course in machine design. Freehand 
drawing, when properly taught, is the higher type 
and requires more thought and more originaKty than 
mechanical. 

Freehand sketches are the means which the engi- 
neer and the superintendent use to express their ideas, 
to make clear to customers, to their superiors, and to 
their subordinates, the designs which they desire to 
have executed. It is the mere draughtsman, the 
subordinate, who uses the line-pen and the T-square. 

In teaching freehand drawing, it is best to begin 
with copying simple forms of machine details from 
the objects themselves, then to advance to more com- 
plex forms, drawing them both in orthographic pro- 
jection and in perspective, following this with practice 
in drawing from memory after a careful study of the 
object, and finally teaching the students to sketch 
designs originated by themselves. 

Following the principles already enunciated, the 
mechanical drawing should be taught in accordance 
with the cuiTent practice in the best shops of the 
country. In minor details the usages of various estab- 
lishments may differ and it is well for the student to 
note these dijBferences. For this reason it has been 
my practice to have the student work in the shop from 
drawings loaned by outside firms, and become familiar 
with the peculiarities of different draughtsmen. 
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For the same reason visits to the draughting rooms 
of leading manufacturers are very instructive. 

The drawings may at first be copies from existing 
machines and then original designs, made on tracing 
linen or bond paper and then blue printed. When 
practicable, the designs should be usefiil ones which 
may be carried out in wood and metal in the shops, 
and then added to the school equipment. 

It is well to have the students' design manufactured 
before he leaves the school, that the errors of judg- 
ment and execution which are sure to be found, may 
be pointed out to him. It is not for economical rea- 
sons that this manufacturing is recommended, but be- 
cause it stimulates interest and insures better work. 
The drawing room should represent to the student the 
modern drawing office in discipUne, in routine, and 
in its connection with other parts of the shop. The 
drawings should be classified, indexed, etc., as in 
actual practice, and the whole training be of such a 
character that when the student steps from the school 
office into the real office, he will not feel wholly out 
of place. 

In the shop proper the same principle should be 
carried out. Manual training ought to be a condition 
of admission. If this is impracticable, the students 
who have not had such training should be in a class by 
themselves and be made to work extra hours until they 
can be classed with the others. The most important 
branches for the engineer to understand are molding, 
pattern-making, machine work and tool dressing. 
Joinery should be taught only to the extent necessary 
to insure accurate work in pattern-making. There is 
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no place for cabinet work or fancy turning in a 
technical college, and the time can be used to a much 
better purpose. 

The molding and pattern-making should go hand 
in hand, and should include as great a variety of work 
as possible, but it should be practical work, details of 
actual machinery. The principal reason for teaching 
these two branches to an engineering student is that 
he may better understand machine design. 

As before suggested, it is desirable to have students 
work from the drawings of outside firms as well as 
those made at the the college, in order that they may 
become famiUar with various styles of drawing. 

In machine work, the writer would start the begin- 
ners on pieces of actual machines early in the course, 
in some cases making them pay for work which they 
spoil, not for economical reasons, but as a penalty for 
carelessness. 

In the opinion of the writer, there is no question 
but that better results are secured by building com- 
plete machines either from students' designs or from 
outside drawings. 

This method keeps up the interest and also trains 
the student somewhat in the constructive part of de- 
design. 

It may be necessary to employ a journeyman to do 
some of the work, or even to have it done outside, 
but the most possible should be done by the students. 

It is well to have the students do a certain amount 
of tool-making and tempering, but there is Uttle if any 
advantage in spending much time with fihng, chipn 
ping and forging in a school of this kind, as these are 
mere handicrafts. 
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As in the drawing office, the discipline, methods, 
and routine, in fact the whole atmosphere of the 
college shop, should be that of a well-ordered modem 
manufacturing establishment. A good system of ac- 
counting for time and stock should be adopted and 
the men held rigidly to it. The check system should 
be used for tools and the men held accountable for 
then- good condition and safe return. 

The students should be treated as responsible beings 
and dealt with as men are dealt with in other shops, 
loud talking, singing etc., being discouraged, and no 
loafing by workmen or visitors allowed. 

This argument for a practical shop, in contrast with 
a toy shop, is not based on any consideration of dol- 
lars and cents. The writer never has known a piece 
of machinery built by students that did not cost the 
college more than its market value. But he beUeves 
that the only way to give young engineers the neces- 
sary famiUarity with shop practices and methods is to 
make the college shop a real shop where work is done 
as in outside establishments. 

Educators differ widely as to the amount of time 
that should be given to hand work in an engineering 
college. Five hours a week for two school years will 
give a student who has already taken the course in 
manual training, a pretty clear idea of pattern and 
machine work. 

He need not entirely sever his relations with the 
shop even in his senior year. Any designing or 
original investigation may keep him in touch with 
shop methods, although he may not do the shop work 
himself The importance of these coordinate branches 
of drawing and shop work can hardly be over stated. 
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Experimental investigation in the mechanical labo- 
ratory is a valuable aid in imparting information and 
in training the mind, but comparatively few have an 
opportunity of continuing such work after leaving 
college or of making any practical use of it. For the 
mechanical engineer, machine design is the all im- 
portant study in the majority of instances, and the 
great demand is for young men who are capable of 
designing and constructing improved machinery in 
accordance not only with correct mechanical prin- 
ciples, but with modern shop practice. 

Discussion. 

Prof. H. W. Spangler disliked to discuss this paper 
which put things so differently from what he believed 
to be correct, but would say a few words. At the end 
of the paper it was said that machine design was the 
principal thing. He wondered if the author knew 
that sixty per cent, of the graduates of engineering 
schools had no more to do with the machine design 
than with artesian well boring? He felt confident 
that in a narrow sense of the word, as used by the 
author, machine design was not of much use. The 
manager and brains of one of the largest tool concerns 
in the country has said to him " Give me men who 
can use their hands, and chip and file, instead of at- 
tempting to teach them the use of machine tools." 
This man was putting it from his point of view ; but 
to the speaker's mind a large part of the time spent 
over machine design and the use of machine tools was 
time wasted. This subject was taken up a little more 
fully in the paper which he was to read Tuesday, but 
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he disagreed with the author about his mechanical 
draughting, and perhaps for the following reason : It 
had been the speaker's lot to teach a class of draughts- 
men the principles of machine design, and at the close 
of the course he had asked the class to examine his 
university students' work. A gentleman who was in 
charge of one of the largest drawing rooms in Phila- 
delphia, after inquiring into the system used, claimed 
that it was all wrong. As was to be expected, he out- 
lined a course which he himself had in operation. 
His method was good under his own conditions. The 
speaker asked how long it would take to take young 
men through such a course satisfactorily. The answer 
was, about two years. He was asked if he could do 
it in ninety hours? He would not believe it could 
be done in that time until he was shown what men 
had accomplished in that time. It was purely me- 
chanical to be sure, teaching them to draw and not to 
design. So far as shop practice 'went, the shop prac- 
tice was to make blue-prints. Now it seemed to the 
speaker that the shop method of doing machine work 
was an entirely different thing from what should be 
done in technical schools. They didn't teach a boy 
in the machine shop to finish a machine, but he spent 
weeks and weeks in cutting bolts, and that sort of 
thing, and that is what he wanted to get far away 
from. In other words, the effort should be to teach, 
not processes, but principles. It was well understood 
that men did all sorts of mechanical processes with 
absolutely no knowledge of the principles underlying 
them. It was therefore not necessary that principle 

11 



134 THE TRUE PLACE OF DRAWING AND SHOPWORK. 

and practice should go together to the extent that 
Professor Benjamin seemed to advocate in his paper. 

Prof. John M. Ordway remarked that the paper 
seemed to have assumed that the only woodwork was 
pattern making. But there were many machines 
with wooden frames. Should not something be learnt 
about the joints of those frames, and all that sort of 
things ? 

PpOF. Milton P. Hiogins when called upon by the 
President was pleased to say a few words, though 
merely a visitor and not a member of the Society. 
The paper impressed him as a very reasonable and 
practical consideration of the subject. The course 
outlined by Prof Benjamin was quite similar to that 
adopted and followed at the Worcester Polytechnic 
Institute, where he had been superintendent of the 
shops for the past twenty-six years, since its organiza- 
tion. In a college for mechanical engineers, workshops 
of some kind and character are now generally deemed 
an essential ; but there seems to be a great diversity of 
opinion regarding the kind of shop and the method 
of conducting it for the most effective instruction of 
the student. 

At Worcester the shops are organized and conducted 
on a purely business basis. A large amount and a 
great variety of machinery is designed, constructed, 
sold and operated, in competition with all the best 
builders of machinery. This machinery is constructed 
by students and skilled mechanics, working in cooper- 
ation with each other. It has been found desirable 
and profitable to have one-third as many employed 
workmen as there are engineering students. Men of 
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various grades, both skillful and unskillful, work with 
the students, so that only the necessary and desirable 
amount of the elementary work of the shop is required 
of the student. There are men suited to do all the 
drudgery, except that which is beneficial to the stu- 
dent. On the other hand, the advantage of having 
many skilled workmen is obvious, in order that the 
student may work in very close contact with men of 
superior skill and experience upon the most important 
and difficult parts, which the student could not well 
accomphsh alone at the beginning of his course. 
Only the first part of the course should be confined 
to mere sample parts of machinery, samples of machine 
work or sample exercises ; but it is desirable to build 
complete machinery, not only fine, small machines, 
but some larger and heavier machinery, mtroducing 
as much variety of difficulties to overcome as possible. 
It is well to confine the practice to work of a thor- 
oughly practical kind, avoiding all fancy work, and 
notional, experimental constructions. 

At Worcester, with 200 students taking shop practice 
in cooperation with 60 men, a large variety and 
amount of product is the result. There, it has been 
found practicable to build machinery fit to stand 
the practical test in actual service, which is in demand 
by the buyers of the best machinery, a large amount 
being sold each year. After twenty-six years of this 
experience, it is generally agreed that there is great 
advantage to the engineering college in disposing of 
the products in the ordinary way, because if a machine 
is made in such a manner that it costs too much, it is 
not a success as an engineering and manufacturing 
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enterprise. Therefore the question of comparative 
costs is ever before the student, and the test of putting 
a thing on the market to be bought and paid for in 
open competition with all makers and users, is most 
healthful and helpful in freeing the students and 
professors from error and conceit 

The Worcester plan has been, through all its ex- 
perience, a most emphatic demonstration of the prac- 
tical plan so clearly outhned in the paper of Prof. 
Benjamin, and during all these years there has been 
no faltering or lack of faith in this system by those 
intimately acquainted with it, but the conviction has 
been growing that the greatest possibility of improve- 
ment lies along this commercial method of shop 
practice, and all that is good in any other system of 
shop practice can best be realized in a practical, pro- 
ductive shop. 



GRADUATION, THESIS, AND DEGREES. 

BY STORM BULL. 
Profenor of Steam Engineeriog, Uniyersity of Wiaoonsln, Madison. 

The papers by Professor Ricketts, Swain and Thurs- 
ton, on the question of Engineering Degrees, read be- 
fore the Society at the Brooklyn meeting, aroused at 
the time of the reading quite a little discussion, the 
report of which, however, unhappily was lost. As 
the views of the writer on the subject do not coincide 
with those expressed in either of the papers, he has 
thought that it might not be out of place to return 
to this subject once more, and then take it up more- 
particularly in its connection with the Thesis and 
Graduation. 

Probably most engineers and even teachers in engi- 
neering colleges do not consider their engineering de- 
grees of any great value. To many, therefore, it might 
seem superfluous to spend so much time on this ques- 
tion of degrees ; at the same time, everybody should see 
that the fact that so many different kinds of degrees 
are given at graduation in engineering colleges is a 
misfortune so long as any value is placed on the de- 
gree ; and it is no doubt true, that to a young engi- 
neer the professional degree is of some value, so that if 
possible the degrees given at the completion of a four 
years courses in engineering colleges should be the 
same. 

Professor Thurston seems to think that there are at 
least two kinds of engineering colleges, and that it is 
only correct to give a degree of C. E., etc., when grad- 
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uating from a college of the one kind, and a bachelor's 
degree when graduating from a college of the other 
kind. It seems to the writer that it is entirely out of 
the question to divide the colleges in this way. Who is 
going to do it, except the authorities of the colleges 
themselves ? It is only natural to suppose that the 
colleges at which the requirements are the lowest will 
not be wilhng to advertise themselves as such by giv- 
ing a lower degree than other colleges give. The 
argument of Professor Thurston should, of course, also 
hold for all other degrees given by the various insti- 
tutions of learning. Certainly a bachelor's degree 
from Harvard University does not stand for the same 
amount of knowledge acquired, as the same degree 
from one of the new western universities.* 

It seems therefore to the writer that the argument 
for gi^dng two or more kinds of degrees from the 
various colleges is a very poor one, and that the only 
real question is whether a bachelor's degree, or the 
professional degree, should be given at graduation. 
There are comparatively few professional engineering 
colleges in the United States which are not carried 
on in connection with some university, and it would 
therefore seem to be correct to look at the question 
from the standpoint of those colleges which are con- 
nected with universities, from which institutions stu- 

* Some of the reasons given by Professor Thnrston for prefenring to give 
the professional degree at graduation seem rather cnrions, especially the one 
that the stadents prefer the professional degree to the bachelor's degree. This 
is no reason ; it is evident that a student prefers the higher degree, whioh is 
at the same time professional, to that of the bachelor's degree, and I suppose 
if they had the choice of taking the doctor's degree in the same way, they 
would prefer it to both the bachelor's and the professional d^ee. 
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dents graduate with various kinds of bachelor's de- 
grees. Because the professional colleges, which are 
not connected with universities, are altogether the 
exception in this country, they should be willing to 
conform to the practice in other engineering col- 
leges, or to adopt those rules for graduating degrees 
which are found to be best adapted for the majority 
of engineering colleges. It is quite possible that con- 
sidering Stevens Institute of Technology alone, it 
might seem best to give the professional degree upon 
graduation, and on the other hand, it might not 
be the best for Sibley College at Cornell, but both 
ought to give the same degree. The author of 
this paper is decidedly of the opinion that the bach- 
elor's degree should be given, and his reasons are as 
follows : 

In nearly all engineering colleges the time required 
for graduation, when a student enters the Freshman 
class, is four years, the same time as is required for 
the various bachelor's degrees in other Unes of study. 
The requirements for admission, almost without ex- 
ception, are substantially the same for engineering 
Freshmen, as for Freshmen in the academic depart- 
ments of the university. I do not mean by this state- 
ment that the studies required for admission to a classi- 
cal course are the same as to one of the engineering 
courses, but that the total amounts of preparatory work 
are nearly equivalent for the various courses. The 
degrees granted at graduation should, therefore, be 
equivalent, — ^the degree granted to a graduate in me- 
chanical engineering should be equivalent to the A. B. 
granted to the classical student. It seems to the writer 
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that only a bachelor's degree can be the equivalent of 
a bachelor's degree; the degrees C. E., E. E., etc., are 
purely professional degrees, and always give the impres- 
sion of being the final degree, not the first degree. It 
is of course true, that the students in medicine obtain 
their professional and final degree at graduation from 
the school of medicine, but it should be remembered 
that the original idea certainly was that a candidate 
for the degreee of M. D. should already have the A. B. 
degree. Such is the case in France and various coun- 
tries of Europe. In Germany apparently this is not 
the case ; but the student when entering the univer- 
sity or the polytechnic school has already obtained 
the gymnasium diploma which is not very far from 
being equivalent to a bachelor's degree. In the Scan- 
dinavian countries, the bachelor's degree is required 
before the student can begin the study of medicine, 
law, etc. It should be required in this country, and 
it is only because we are a young people that such a 
requirement cannot be made at present. The time 
will come when the various colleges of medicine will 
insist on such preparation for entrance. The engi- 
neering students are therefore very far from being on 
the same level with the medical student, and an ar- 
gument derived from the medical college is not ap- 
plicable to the engineering college. At present the 
studies taught in the engineering colleges are partly 
professional, partly scientific, and partly literary. 
The professional studies may certainly be classified 
with those' of applied science, and for this reason it 
seems but natural to give the degree of bachelor of 
science to the graduate. If some time in the future 
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it shall be found possible to eliminate everything 
of both purely scientific and literary character from 
the curriculum of the engineering college, and require 
a bachelor's degree of all entering students, then it 
might be wise to give the professional degree to 
graduates in engineering. But this is only a very 
remote possibility which need not concern us at 
present. Prof Thurston in his paper speaks as if 
the requirements for Sibley College were now of 
such a nature that nothing but professional studies 
were left in the course. This certainly is an error as 
both calculus, physics, chemistry, mechanics, etc., are 
left in the course, and these are certainly scientific 
and not professional studies. It is of course useless 
to hope that some time in the future the preparatory 
schools will give these studies, and so make it possible 
for the engineering colleges to drop them from their 
course of studies. These studies will always remain 
university studies, and if they should not be taught 
in the engineering colleges, the young man who aspires 
to become an engineer would have to take a general 
course at the university before entering the purely 
professional college of engineering. As it is now, every 
course in engineering in the various engineering col- 
leges of the United States contains non-professional 
studies to a greater or less degree, and so long as this is 
the case the writer is of the opinion that only the 
bachelor's degree should be given. 

A second reason for giving the bachelor's degree is 
found in the fact that a graduate from an engineering 
college as organized at present is not yet an engineer. 
He needs both experience and continued study be- 
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fore he can be trusted with an important piece of en- 
gineering work. All engineering educators, as 
well as all practical engineers, know this to be a fact, 
and it therefore seems much more correct to withhold 
the professional degree until the graduate has proved 
in actual practice that he is worthy of a professional 
degree. This part of the subject was treated very 
fully by Professor Swain, our worthy President, in 
his paper read at the Brooklyn meeting, so that it 
seems unnecessary to say more about it here. How- 
ever, this point leads to a second part of the subject 
of this paper, the question of thesis. The nearly uni- 
versal practice in engineering colleges is to require a 
thesis for graduation. This thesis should of course to 
some degree test (1) the student's abiUty in the di- 
rection of original investigation, (2) his self-reliance 
and (3) the knowledge he has acquired during his 
four years course. It is however impossible to make 
such a test thorough enough to enable the teacher to 
judge whether the young man has the necessary 
qualifications for making an engineer. First of all, 
such thesis work is always done under the direct su- 
pervision of the teacher. To a greater or less degree, 
the teacher leads the students, tells them what to do, 
and it is therefore not independent nor original work, 
the capacity for which is a prerequisite for an en- 
gineer. Secondly, from the very fact that the teacher 
is always helping, the self-reliance of the student is 
very often only tested to a very Umited degree, and 
this quaUty is a necessity for a man who is worthy 
of receiving the professional degree. As to the third 
point, the thesis no doubt furnishes a fairly good 
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test, but such a test is ali^eady at hand in the ordinary 
examination, and is therefore of minor value. The 
point which the writer has attempted to make here 
is that the graduation thesis is not a sufficient 
criterion for granting the professional degree. On the 
other hand, there cannot be a doubt that the thesis, as a 
part of the instruction in the engineering college, is of 
very great value, and that as much stress as possible 
should be placed upon it. The subject of the thesis 
being well selected, the work required for writing it 
should be at least as profitable to the student as any 
other study pursued during the whole course. It is 
an entirely different matter when a thesis is required 
for the professional degree after graduation. The rule 
for the sequence of the professional degrees at the 
University of Wisconsin, with which the writer of this 
paper is connected has for some years past been as 
follows : The degrees of C. E., M. E., and E. E., are 
conferred as second degrees upon bachelors of science in 
the civil, mechanical and electrical engineering courses 
resp)ectively, who (1) pursue advanced professional 
study at the university for one year, and present a 
satisfactory project or thesis; or (2) present suitable 
evidence of three years of professional work of which 
one must be in a position of responsibility, together 
with a satisfactory thesis. 

As will be seen, these rules require of a non-resident 
that he shall have had three years of practical en- 
gineering experience, and that he shall have held a 
responsible position during one of these years ; and 
in addition to this, a thesis which must be satis- 
factory to the faculty. These requirements are suffi- 
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cient to warrant the award of a professional degree. 
First of all, the thesis is here independent work, 
and therefore a good test of the capacity of the man ; 
secondly, the requirement of the employment of the 
candidate in a responsible position for one year makes 
it perfectly certain that he is capable of doing such 
work as a man holding the professional degree should 
be capable of doing. As will be geen from the rules 
quoted above, a post-graduate student may obtain the 
professional degree after one year of study at the uni- 
versity, if he presents a satisfactory thesis. It is the 
opinion of the writer that this is not so good a test as 
that required for non-residents. However, it is true 
that a thesis submitted by a graduate student should 
be an original and independent piece of work. The 
objection is that the candidate has not yet shown 
his capacity for practical work, except in the case 
of his pursuing his profession between the time of 
graduation and his entrance upon his post-graduate 
studies. But it must not be overlooked that the 
faculty who are to recommend the candidate for a de- 
gree are then in a very much better position to judge 
as to the qualifications of a candidate than at the time 
of graduation. 

The rules given above can no doubt be im- 
proved, and they have been quoted here partly 
for the purpose of inviting discussion. The main 
point which should be emphasized, is that the 
graduate of an engineering college should receive a 
bachelor's degree, and that a professional degree 
should be granted only after a certain lapse of 
time, in which the candidate has had opportunity 
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to show that he can do independent and important 
engineering work. 

It seems to the writer to be a matter of small im- 
portance which bachelor's degree is given at graduar 
tion. In institutions hke Leland Stanford Junior 
University, where otherwise only one bachelor's de- 
gree, that of A. B. is given, it is but natural that the 
engineering graduates also should receive that degree. 
But in institutions where several bachelor's degrees 
are given, it seems to the writer that the B. S. degree 
is the best. The course of study which the engineer- 
ing student pursues is mainly one of science, and if 
the degree is to be at all indicative of the line of study. 
Bachelor of Science certainly is very appropriate. It 
would of course be very desirable to have only one 
bachelor's degree used for graduates of engineering 
colleges; but this is of comparatively small impor- 
tance, and it is not probable that this can be accom- 
phshed in the near future, if at all. 

If Bachelor of Science is used, it seems desirable to 
specify in which special line the student has worked. 
In many institutions this is done by adding "in Civil 
Engineering," " in Mechanical Engineering," etc., to 
the Bachelor of Science. The abbreviation of the 
degree would however still remain B. S., and the addi- 
tion would be used only when writing the degree out 
in full. The diploma would give it in this way, so 
that if an engineering graduate should want to make 
use of the diploma for procuring a position, it would 
show the specialty to which he had devoted himself, 
and in which therefore he should be most competent 
to do work. 



146 GRADUATION, THESIS AND DEGREES. 

The reasons why the writer does not favor the use of 
Bachelor of Civil Engineering : B. C. E.,etc., have been 
stated in part by Prof. SWain in his paper. It may be 
added, however, to the argument given in the last men- 
tioned paper, that if such a degree is used, the second 
degree should logically be Master of Civil Engineer- 
ing, M. C. E., a degree which is both clumsy and has 
no tradition behind it, and to which the C. E. is very 
much to be preferred. 

It need hardly be pointed out that an engineer- 
ing graduate who does not follow his profession but 
turns his attention to purely scientific subjects, should 
as his second degree receive M. S., Master of Science, 
and not a professional degree. 

The writer does not see any serious objection to a 
third degree. There is, however, a shght difficulty 
in determining what the degree should be. The 
choice lies between Doctor of Engineering and Doctor 
of Science. If this third degree is to be regarded as 
a professional one, then there can be no doubt but 
that the first one mentioned should be preferred. 
In addition, the writer thinks that it would not be quite 
the proper thing to give the title of D. S., except 
to a person who, besides fulfilling the requirements 
for the degree of Doctor, has also fulfilled the require- 
ments for the Master of Science degree, and that 
would probably not be the case with engineering 
candidates for the doctorate. On the other hand, it 
does not seem quite correct to give a person the degree 
of D. E., if it is not for purely professional work. How- 
ever, taking everything into consideration, it seems 
that Doctor of Engineering should be preferred. 
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Discussion. 

Prof. John B. Johnson remarked that although 
the responsibiUty for this paper had been placed upon 
his shoulders, the burden had now been removed, and 
all would agree with him that it was well to have it 
as a summing up and review of the long discussion 
had last year, which however still left us "in the air," 
as the discussion had been unfortunately lost. The po- 
sition taken by the writer in this paper was one which 
he agreed with and endorsed heartily, and he had 
advocated it for his own institution and he thought 
he would continue to do so until successful in it. 

Prof. Gaetano Lanza, referring to the question of 
the professional degree, thought that all that a college 
can assert in a degree is that the student has done 
in a satisfactory manner the work laid out and as- 
signed, but that it should not go beyond that point. 
It would therefore be wiser for the college to stop 
there, and to give for its first degree S. B., and only 
such advanced degrees as M. S. or Ph. D. The diffi- 
culty with the professional degree is that it is not 
clear whether it is a college degree, a business card, or 
what it really is ; but with the title M. S., etc., every- 
body knows that it is a college degree. 

He was, therefore, thoroughly in sympathy with 
most of what was said in the paper, but it seemed to 
him wiser, on the whole, for the college to let the 
professional degree alone. 

Prof. Johnson called attention to the fact that the 
program of this meeting was prepared for the purpose 
of considering what is now immediately practicable 
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in the line of improving education in this country. 
Instead of proposing what is ultimately possible, or 
even desirable, it would be more profitable at these 
meetings, year after year, to consider that which could 
be immediately utilized. We may ultimately come 
to the position which Prof. Lanza has indicated ; but 
the custom has been to confer degrees covering four 
years courses. We are now in a transition stage; 
we are moving away from it, and the question now 
is what can be recommended for the Faculties to do 
next year. The speaker behoved that it would be 
proper to recommend that a certain amount be done 
now, and after awhile we can get to the position 
which Prof Lanza has outlined, that the college should 
be responsible only for what is done inside its walls, 
and that the college degree should have a scholastic 
significance simply. The degress are now very com- 
monly given, and it is astonishing to see how many 
ways there are of graduating students and conferring 
degrees. At Washington University there are no 
means of conferring professional degrees except at the 
end of the fifth year for resident study ; but the speaker 
beheved that such a condition as is imposed by the 
writer of the paper, three years of work one of which 
is in a responsible position, coupled with a satisfactory 
thesis, is a better basis for conferring a professional de- 
gree than a fifth year of study in the college, if it is to 
be done at all. He believed that such a position is a 
step in advance, until the professional degree is 
dropped altogether. Th^ following table shows the 
present (1895) practice of many of the engineering col- 
leges in the way of conferring degrees. 
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Engineering Degrees. 



COLLEGE. 



New Brunswick 

Thateb 

Univ. Vmbmont 

McGiLL 

H.AB8. Inst. Tbohnoloot 

Tufts 

wobcbstsb. , 

Habyajid , 

Bbown , 

Yalb 

Columbia 

Univ. City of N. Y 

Bbookltm Polttbchnic, 

Union , 

Rbnssblaeb 

Cornell 

Toronto 

Stevens , 

RUTGEBS 

Princeton. 

Delaware 

Univ. Pennsylvania .,..., 
swarthmorb 






4> 



I 



+ 



+ 
+ • 



-a 



fi-a 

On 



+ 



+ 



+ 



iSi 



III! 






+ 









+ 



+ 



+ 



%* o. 




>tfs% 

-"111 






-!£l 



n 



+ * 



+ 



+ * 



+ 



+ * 
+ * 



*For details see pages 162-168. 
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Engineering Degrees. 



COLLEGE. 



Lafatstte 

Lehigh 

Pa. State College 

Univ. Western Pa 

Columbian 

Univ. Virginia , 

Univ. of W. Virginia.. 
Ala. Polttech. Inst... 

Kt. State College 

Vanderbilt 

Cincinnati 

Case School 

Ohio Univ 

Purdue 

Notre Dame 

Rose Polytechnic........ 

Armour Inst 

Univ. Illinois 

Univ. Wisconsin 

Univ. Michigan 

Mich. Mining 

Univ. Minnesota 

Univ. Iowa 






«'2 



+ 
+ 



+ 



+ (?) 



+ 



+ 



+ 






is, 



+ 



111! 



+ 



+ 



+ 



+ 



+ 



-f 



is 3? 



iiSJ" 



o 



IliN 



>* o 



QD 



+ 



+ 

-h * 

+ * 



+ 



+ 



*For details see pages 168-156. 
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Engineering Degrees. 




COLLEGE. 


s 


'•i 

i 


I 


If 

Mil 








+ 


















+ 
















+ 


nwrT T,T« 


+ 






Cwv K««A» 




+ 




U Sbwuwu 




+ 
+ 














+ 










+ • 





















*For dcUila bm ptgea 166-156. 
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Degrees for Engineering Courses. 



College. 



Univ. New Brunswick. 
Cat 1894. 

Maine State Colleqe. 
1894. 



Thayer School 

1898-4. 



X. H. AoR. College 

1898-4. 

Univ. of Vermont 

1893^ 



First Degrees. 



McGiLL Univ... 
1894-6 



Mass. Inst. Tech. 
1893-94. 



Tufts 



Diploma in a E. in 4 
yean. 

b.m1 }'<>'<'«««• 



B. 9. at end 4 yean, if 8 
yean are inChandler 
actiool, and 1 vear 
in Tliayer school. 

B. S. for 4 yean. 



).S. inC.E. ) 
" " M. E. J . 
" " E. E. S * 



for 
years. 



B. Applied Science in 
Min. £., Pract. Cliem. 



1893-4 



B. S. for all courses. 
B. C. £<., B. £. E. 



Worcester ! B. S. for all courses. 

1894-6. 



Harvard 

1898-4. 



Brown 



1894.5. 



Yale 



1893-4. 



B. S. for all courses. 

M. 1: 1 ^<>' 4 ye»"- 

B. Ph. for 3 yean. 



coluhria 

Univ. City of N. Y 

1894-6. 

Brooklyn Polytech.. 
1894-^. 



B. 8. for C. E. 
>B. S. in Engineering. 



Second Deorbbs. 



None. 



C. E. J 
M. E. 1 



After 8 yean professional 
work + an original 
thesis. 



C. E. at end of additional year in 
Thaver school, or at end 2 yean 
in Thayer, wherever the student 
comes trom. 

" Advanced degrees for appropriate 
work." 

1 year in residence or 
non-resident study for 1 
year, + 1 year of profes- 

C. E. sional work. The course 
of non-resident study to 

M. E. •{ be approved in advance. 
Proiessional theses at 

E. E. the end of the 2 yean. 

Detailed statements of 
professional work re- 
quired. 



Master of Eng. « 



C. E. 
E. £. 

Mining, 

3 yean, bona fide book work with 
examination on general theory 
and practice, or. a ffraduate course 
4- 2 year's professional work. 

M. S. 1 year resident study. 



C. E. 
E. E. 



' 1 yean residence + thesis 
or 3 yean prof, work, 
one of which must be in 
responsible place. 



None shown in catatogue. 
Olfen &th year in Elect Eng. 

No professional degrees to S. D. 



None. 

C. E. 
M> E. 

None. 
None. 



1 year resident study and 
1 year professional work 
under supervision of the 
school. 
Original design or project 
with detailed drawings 
^ and full descriptions. 
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Degrees for Engineering Courses. 



COLLKGS. 



Univ. Toronto. 
1894-5. 



FIS8T DSOREB. 



Union 

189S-4. 

rin88elaeb.... 

Cornell 

1894-& 



B. £. for C. E. 



C. £. for 4 yean. 



C. E. 

M. E. 

B. 8. in Agr. 

B. S. in Arch.^ 



4 years. 



SncvENB 

llKrl'O* 

BUTGERS 

1893-4. 

Princeton 

XWfv o. 

Delaware 

1893. 

Univ. OP Pa 

1893-4. 
SWARTHMORE 

1894-5. 

Lapaystte 

1893-4. 

Lehigh 

Pa. State College.. 

1894. 



Diploma at 8 years 
from Sch. Prac. Sc. 



M. E. in 4 years. 
B. S. In 4 years 



C. E. in 4 years. 



'. C. £« / 
. M. E. [in 



B. C £« 

B 

B 



4 years 



( Has two schemes.) 
B. S. in 4 years. 




B. 8. in Eng. in 4 years. 



E. Mm 

C. E. 

B. S. in Chem. 

B. 8. Qen'l Sc. 



C. E. 

M. £. 

E. E. 

A.C. 

B. S. in Arch. 

B. 8. in Mining. 

B. 8. inMetall. 



in4 
years. 



in 4 

y'rs. 



B. 8. in conrse 4 years. 



Second Degree. 



C. E. 1 year resident study. Coarse 
prescribed. 

None. 



Master ofC. E. 

"M.E.  
M. 8. in Agr. 



year resident 
study and the- 
sis, or 2 years 
practice and 
non-resident 
study. 

M. 8. in Arch. 1 year resident study 
and thesis. A 5th year for Ma- 
rine Eng., probably leading to M. 
M. £. 

B. Ap. Sc. 1 year residence at Univ. 
of Toronto, or C. B. 8 years prof, 
work with 2 of them in construc- 
tion or operation of works + 
thesis accompanied with plans, 
estimates, specifications, etc., + 
examination on professional 
work. 

None. 



C. E. 8 years practice and study -f 
professional thesis. 

E. E. 2 years prescribed course in 
Electing. 



lil'i 



ears prof, work -f- prof, 
esls. 



M. 8. for 5th year, with M. £., C. 
E., E. E., with 2 years prof, work 
+ thesis. 

( M. E. } 3 years prof. 
M. S. and << E. E. > work -h the- 
(C. E. ) sis. 



C. E. 8 years practice -i- thesis. 



8 years collegiate or pro- 
fessional study and prac- 
M. S. •< tice + thesis, or 1 year 
residence and 1 year 
practice. 

E. M. 1 year resident study course 
prescribed. 

1 year's residence study or 
2 years in absentia + the- 
sis. 



preacn 
M. 8. ] 




1 year's study + thesis- ^ 
to major H to minor, or 
3 year's professional 
work + thesis. 
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Degrees for Engineering Courses. 



OOLLBOB. 

Univ. op West Pa 

Columbian 

1894. 

Univ. op Viboinia 

18M^ 

Ky. Statb Colleqb .... 
1893-4. 

Vandebbilt 

1894-6. 

Cincinnati 

1893-4. 

Case 

1894-5. 

OhioUniv 

1894-6. 

PUBDUE 

1894-6. 



NOTBB Damb Univ. ., 
1898^. 



E08E. 



1894. 



Armoub 



1894-5. 



FiBST Dbgbee. 



C. E. 



C. JS. i 

M. E. V la 
£. E. > 



4 years. 



B. S. for all coorses In 
4 years. 



C. E.(?) 

b:m.E. \ ln4years. 
B. E. In 4 years. 



B. 8. In C. E. in 4 years. 



B. 8. In all courses. 



C. E. 

£ 

M 



E. ) 
.M. J 

:.E. 5 

B. C. E. ) 
B.M.E. \ in 
B. 8. S 



in 4 years. 



4 years. 



M.E. I to 4 yean. 

B. S. for all courses in 
4 years. 



B. 8. in M. E. ) In ^ 
B. 8. in E. E. J 54 
B.S. (forChem.)V y "• 



Second Degbeb. 



None. 



C. E. i 1 year residence 



E. E 



:r 



sis. 



+ the- 



M. £. 1 year residence + thesis or 
8 years professional work + thesis. 



C. E. 
M. E. 
£. n. 



1 year residence + S 
months practice. 5th 
year in catalogue part, 
prescribed, part elective. 



C. £. on proof of ability to design 
and direct engineering works ot 
importance + thesis. 



M.S. 



1 year residence + thesis. 

'' 1 add. year resident study 
above M. 8. + original 
thesis, or technical re- 
port, or 3 years profes- 
sional work after B. 8. + 
original thesis or techni- 
cal report. 
Doc. Sc. S Tears resident study and 
original thesis. 



E. E. 
M. £. 
C. E. 
E. M. 



1 year resident study + 
thesis entire time in spec- 
cialty, or 3 years profes- 
sional work + examin- 
ation. Chemists must be 
^ in residence. 
M. 8. for other science courses. 



M. E. 

C. E. 

A. C. 

or 

M. 8. 



None. 



M. 8. after 2 years, one of which 
is given to an approved course of 
siudy. 

M. E. f After M. 8. 2 years profes- 
£. E. < sional work and thesis 
C. E. or report. 



M. E. s 1 year residence or 2 



E. E 



:1 



professional work. 
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Degrees for Engineering Courses. 



GOLUDOK. 



Umiv. opIixikoib. 

1894^. 



Uxiv. OP Wisconsin. . . . 



Unit, op Michigan. . . . 



Mich. Mining School. . 
1896-e. 



Univ. op Minn. 
1894-6. 



Univ. op Iowa .*. 

t891M. 

OoRNiLL Col. (Iowa).. 
1894-6. 

Washington 

1894-6. 

Unit. OP Mo 

1894-6. 

Ask. INDCST. ••• 

1898. 

TULANB 

1894-6. 

Unit. opTkxas 

1893-4. 

Univ. op Kansas 

1894'^ 

Unit, op Nbbraska ••• 

1894-6. 



First Dbgrzs. 



B. S. in course in 4 
years. 



B. S. in Eng. in 4 yean. 



B. S. for all coorses in 
4 years. 



B. 8. in 8 years. 

1 year i* 46 weeks. 



B. C £• 
B. M. E( 
B.E. E. 
B. Min. E. 
B. Cbem. E. 
B. Met. E. 



in 4 
ears. 



B. 8. in C. E. 



B. 8. In C. E. 

B. 8. in course in 4 
years. 



B. 8. in course. 



ICE. ) 
kM.E. V 
K. E.E. ) 



B. C £. 

B.M. E. ^ 4 years. 
B. 



B. E. for all courses in 
4 years. 

C. E. in 4 years. 



B. 8. in all courses in 4 
years. 

B. 8. for all courses in 
4 years. 



Second Degree. 



C. B. 
M. E. 
S. E. 
Mast. Arch. 



1 Tear residence + 
thesis on original 
research.^ of work 
in primary topic, 
^ in secondary. 



C. E. 
M. E. 
E. E. 
Min. B. 
Met. E. 



1 year residence + the- 
sis, or 8 years profesr 
slonal work (1 in re- 
sponsible position) -f- 
tnesis. 

1 year in residence or its 
equivalent -|- 1 year pro- 
fessional work. If non* 
resident, a profesiional 
thesis. 

E. M. 1 year prescribed study. 




C. E. 
M. E. 
£. E. 
Chem. E. 
Min. E. 
Met. £. 



or M. a - 



1 Tear resl- 
aence + 
thesis or 2 
years non- 
residen t 
study -I- the- 
sis. 



( 1 y 
;. E. j y< 



year residence or 8 
years professional work 
thesis. 



M. 8. or C. E. Resident study and 
thesis? 



C. E. 
M. E. 
E. E. 
£. M. 
M. 8. 

C. E. 
£. K 
M. £. 



r 

I 

M.E. i^y* 

E. B. I + 



6th year's work prescribed 
for each course. 



year residence -f- thesis, 
or 2 years practice and 
non-resident study 4- 
original thesis. 



years professional work 
thesis. 

" Appropriate engineering de- 
gree " for resident study only. 

None. 



C. E. 1 year residence. Kone for 
other courses. 

None. 1 year graduate work ia 
Elect Eng. 
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Degrees for Engineering Courses. 



College. 



Colo. Sch. Mines 



Univ. Coix)rado , 

1893-4. 

Univ. op California.. 
1892-3. 



Leland Stanford, Jr.. 



Ala. Polytech. Inst.. 
1895. 



Univ. W. Virginia .... 
1894-6. 



First Degree. 



C. E. 
£. M. 
£. K 



B. 6. (forChem.) J 

I 



B. 8. in C. £. 
B. & in £. £. 



in 4 
yean 

in 4 
yean 



B. 8. for all 4 year 
courses. 



B. A. for all 4 year 
courses. 



B. S. for all 4 year 
courses. 



B. 8. in course 



5 C. E. 
{ M. E. 



Second Degree. 



None. 



None. 



M. £. 
Min. £. 
Met. £. 
C. £. 



8 years alter B. ^8. lEz- 
aminaUon on subjects 
prescribed + 1 year 
professional work + 
professional thesis. 



"Engineer" 



1 year work + 
thesis, probably 
resident study. 



Min. K >- 
C. £. 
£. E. 
M. £. 



1 year residence. 
M. 8. 1 year residence. (?) 



Prof. Bull would be very glad, if it were possible, 
to have no professional degrees given. 

Prof. Thomas Gray agreed very thoroughly with 
Prof Bull in regard to the degree at the end of the 
four years' course. That degree is simply a certifi- 
cate that the student has taken the regulation course 
of study. The class of students in any one year who 
receive that degree must, of necessity, be very far 
from uniform. A large number of them are, un- 
doubtedly, unfitted to be classed as professional men. 
Very seldom are any of them found to be so qualified. 
The speaker would go even further in regard to the 
post-graduate degree. The first post-graduate degree 
at least ought to be also an academic degree, but it 
ought to contain some evidence of professional work, 
and it ought to be given after not less than two years 
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of partly professional and partly practical experience. 
A professional degree should be given after the candi- 
date had shown evidence of his ability to conduct pro- 
fessional work. Such a degree should be founded not 
simply on a period of years, but on something done. 
Some limit ought to be made, of course, to the length 
of time during which a candidate had practiced, and 
he would prefer that the lower limit should be three 
years, putting the professional degree at five years 
after graduation. This would put the time very much 
further along, but the degree would then be stamped 
with a great deal more value than at present. It is, 
in his opinion, very unfortunate to have a number of 
institutions giving degrees which, on the face of them 
at least, appeared to have professional value. He 
agreed, also, that the notation of professional degrees is 
unfortunate. For a long time all professional men 
used the title C.^ E., M. E., etc. That has given rise to 
one of the great objections to college study in the early 
days of colleges of engineering. Professional men dis- 
like very much the practice of those colleges in in- 
corporating the professional title, which a man who 
had spent anywhere from seven to ten years in prac- 
tical work had adopted. It becomes unmeaning. 
There is a great deal in that objection. He was 
very strongly of the opinion that colleges are not 
fitted to prepare professional men. They can give 
them the preparation to begin, but they can not 
give them experience. What is wanted is a com- 
bination of the two. Let the colleges prepare the 
men, and then wait to see what they do with that 
preparation before they stamp them as professional 
men. 
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Prop, S. N. Williams understood from the paper 
that the recognized abbreviation is B. S. for Bachelor 
of Science in Civil Engineering, and wished to inquire 
if there is any dissent from that. 

Prof. Bull stated that understanding to be correct. 

Prof. Doolittle, though not a member, would like 
to ask Prof Bull, whether he could give any idea as 
to the proportion of students who take the prelimi- 
nary degree at his institution, who afterwards receive 
the profLonal deg«o in one way or another. 

Prof. Bull was unable to say off-hand, but thought 
perhaps one-half of those who undertake to do it 
succeed. This did not mean that only half of them 
piirsue a profession, but only that so many take the 
trouble to obtain the professional degree. 

Prof. F. O. Marvin stated that the practice of the 
institution with which he was connected is, perhaps, 
a httle out of the usual order. There are in the Col- 
lege of Arts courses which lead to the degree of B. A. 
That leaves B. S. for the engineering degree. The B. 
S. graduate then has open to him three other degrees. 
The professional degree of C. E. is only given after 
one year's residence. That is tentative, not satisfac- 
tory, and will be changed probably to something more 
in the line suggested by Prof Bull. There is open, 
also, the second degree of M. S., provided the technical 
graduate makes good some further undergraduate work 
and takes a line of study not exactly in engineering, 
but in science. There will be open within a year or 
two, the degree of Ph. D. for the B. S. graduate. 
This was spoken of simply as showing what perhaps 
is the tendency, to a limited extent, in some of the 
colleges. 
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Prof. William G. Raymond referred to a point that 
Prof. Bull maintained, if his memory served, to the 
effect that the graduating thesis is usually an ex- 
ample, or an investigation of some sort worked out 
under the direction of the instructors, and not an en- 
tirely independent piece of work. That may be right, 
but he would like to know what is the general practice. 
In the school with which he was connected the prac- 
tice is entirely different. Formerly the thesis was 
a review, but at present and for a number of years 
past, the graduating thesis has been an absolutely 
independent piece of work. The student is not 
allowed assistance, at least from the instructor; the 
plan has seemed to work very well, and there have 
been produced some very excellent designs which have 
been complimented by eminent engineers as being 
designs that would do credit to any engineer. It is 
of course understood that a student is not competent 
to design a piece of work in every detail without errors, 
but it is also true that there are a great many prac-' 
ticing engineers in the same condition, who would 
hesitate probably to admit that they were not com- 
petent to make the design. He beUeved that for 
a graduating thesis, particularly when a professional 
degree is given, as is the case in their school, an 
independent design is of really more value to the 
student than if he were under the direction of the in- 
structor. If the design is unsatisfactory he did not 
graduate; and it seemed to the speaker that, being 
thrown thus on his own responsibility, the student 
has to do an amount of work and of independent 
thinking and investigation that is of very great value 
to him. 
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Prof. Mansfield Merriman was glad that Prof. 
Raymond had called attention to this subject. His 
own practice had been to regard graduation theses as 
a part of the examination for the degree. The student 
receives very little assistance from his instructors or 
professor. The subject is approved by the professor 
in charge, and the student is assisted to the extent 
of referring him to articles or books from which he 
may get information, and in the way of general out- 
lines of treatment. The thesis, when it comes in, is 
examined and reported upon as a part, it might be 
said, of the final examination for the degree. 

Prof. Bull felt that Prof Raymond's statement as 
to the manner in which the thesis is prepared at the 
Rensselaer Polytechnic was quite different from the 
way which the writer had indicated. Prepared in the 
way indicated by Prof Raymond it would be inde- 
pendent work, and, so far as that went, it would test 
the student. At the same time he doubted very much 
whether if a student presented a thesis which was not 
quite up to the standard he would lose his degree. He 
questioned that very much. In most institutions, if 
the examinations, with that exception, were passed by 
him satisfactorily, he would, the speaker believed, get 
his degree. 

Prof. Lanza believed that examinations were a 
necessary evil, and that he hoped to get rid of them 
some time, and for one did not want them added to. 

Prof. Merriman replied that the only sense in 
which he used the word examination was that the 
thesis shows the ability of the student to apply what 
he had been studying during the four years' course. 
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If the thesis shows that abiUty, it should be accepted ; 
if not, it should be rejected, and in that sense of course 
it is a part of the final examination. 

Prof. C. Frank Allen raised the point that if the 
work of the engineering colleges is a work of educa- 
tion, it seems questionable whether a considerable 
amount of time ought to be given to work which does 
not have the character of instruction, and on which 
instruction was not given. So far as a test of the stu- 
dent's work is concerned, the thesis is something 
in the nature of examination. In many of our col- 
leges, a student is rated on his term's work, as well 
as upon his examination ; this is a proper regulation, 
and the speaker saw no reason why the student could 
not be measured as well by the information which he 
seemed to think it necessary to obtain from the in- 
structor as from the result which he reached without 
any such assistance. It had, however, occurred to the 
speaker that, while he entertained these views, it was 
his own practice to leave the students very much alone 
in the preparation of theses. It was not his personal ' 
practice to interfere with them to any considerable 
extent, but there did seem to be some advantage in 
aUowing them to gain from their instructors whatever 
they found necessary in the way of instruction. 

Mr. William Kent stated that at an alumni meet- 
ing which he attended some years ago the subject an- 
nounced in advance was "Theses," and one of the pro- 
fessors gave a long argument as to why they should 
be done away with ; but the almost unanimous feeling 
of the alumni was on the other side. They agreed 
that it was a most invaluable part of their course; 
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that the throwing a man on his own resources at a 
time when his mistakes would not cost him a great 
deal, as they would in after life, was one of the most 
valuable parts of his training. It was a test of his 
capacity, the mistakes in which would not cost life 
nor money. This they pronounced most valuable 
training, and they were all strongly in favor of its 
continuance. 

Prop. Lanza was not in favor of doing away with 
the thesis. It forms one of the most valuable portions 
of the instruction of the student, as the speaker ex- 
plained in a paper on graduating theses at the first 
meeting of this Society. 

Prof. Bull wished to ask a question of those gentle- 
men who held that the thesis was an independent 
piece of work ; he would like to ask them whether, if a 
student came to consult them on his thesis, he would 
be answered or not? 

Prof. Raymond replied that he would certainly 
be answered, but the information asked for would not 
be given him. He would be referred to some source 
from which he could obtain it for himself. (Laughter.) 

Prof. Doolittle remarked that the practice in re- 
gard to theses was about as various as in anjrthing 
else. He knew of one professor who worked with his 
students in the preparation of their theses, and who 
was very popular. With his help they did very well. 

Prof. Raymond was reminded by the laughter 
which greeted his remark of the way in which his 
father was in the habit of referring him to the dic- 
tionary when he came to him for that sort of informa- 
tion. He would never look up the question for us, 
but compelled us to do the work for ourselves. 
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Prof. Allen cited the case of a former teacher who 
was very much in the habit of doing the same thing ; 
a student came to him one day and asked the mean- 
ing of a certain word. The old gentleman answered, 
** Don't make a dictionary of me!" When recess came, 
the student went to the dictionary and was saved a 
great deal of trouble by finding the book open at 
exactly the right place. 



MODIFIED REQUIREMENTS FOR GRADUATION 

OF STUDENTS WHO HAVE TAKEN FULL 

LITERARY COLLEGE COURSES. 

BY IRA N. HOLLK, 
Professor of Engineering, Harvard University, Cambridge, Mass. 

The writer accepts with some hesitation the respon- 
sibility of advancing definite views on this subject, 
since he has had only a few years' experience in teach- 
ing. The education of engineers has grown more im- 
portant from year to year as they have become well 
recognized professional men, and the papers published 
by this Society serve an excellent purpose in bringing 
about an understanding among educators. It is well 
to have in mind what the colleges are expected to 
teach, and what equipment the young graduate must 
have obtained for entrance upon his professional 
career. In America we pride ourselves upon the 
judicious combination of theoretical and practical 
courses given in the technical colleges, and in the 
scientific branches of universities. How near we have 
reached the wisest standard, only time and discussion 
can make plain to us. There seems to be general 
agreement upon the main principles required in the 
preparation for the engineering profession, and all 
teachers realize that a great deal of cramming is 
unavoidable to complete the education in four years. 
One great difficulty presents itself in the organization 
of courses. The student must be expected to obtain 
at the same time both a fair general education and a 
technical training. The lawyer, doctor and minister 
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invariably give more time than the engineer, and men 
going into those professions are content to devote four 
years to academic education of a general nature, with 
two or three additional years in special professional 
work, while engineers can usually spare four years in 
aU. The time, therefore, must be spent on the main 
principles of the profession, and students should not 
expect to become speciaUsts until after graduation. 
While educators fully realize the difficulty of gradu- 
ating students with the highest equipment, it is hard 
for the practicing engineer to understand why a young 
man just out of a technical school |does not know 
practical and commercial matters more thoroughly 
than a mechanic who has worked all his life at a trade. 
There is a certain unjustifiable impatience among 
the older men who have had no experience in teach- 
ing. Engineering is, above all, a profession requiring 
wide experience. A well-known chief engineer in the 
navy once complained that recent graduates could not 
take charge of a watch in the engine room on board 
ship. He even went so far as to express a preference 
for graduates from a young ladies' boarding school. 
Of coui«e, the recent graduate has not had time to 
learn the practical management of steam machinery. 
It usually takes from three to five years for a practical 
man who devotes exclusive attention to oiUng and 
running engines to get a license to take charge of 
marine machinery and boilers. Yet very few of our 
graduates in mechanical engineering could not, with 
ordinary attention, acquire the same practical knowl- 
edge in six months. Happily, as university and 
technical college graduates are reaching the higher 

13 
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positions in engineering, this attitude of antagonism is 
changing. Engineers now concede the necessity of 
three or four years of post-graduate work in the office or 
workshop as a preparation for any specialty. These 
years may be said to correspond fairly to the profes- 
sional training in law and medicine. 

Students enter our technical colleges with enough 
mathematics and language to begin the process of 
cramming, which permits very little time for academic 
training, such as most of them need. They are usually 
deficient in their own language, and many of them 
graduate without being able to write good English, or 
to express themselves clearly on professional subjects. 
So far as the literary courses serve to correct this, they 
are certainly of great advantage. It is troublesome, 
however, to make a wise selection from the literary sub- 
jects, unless students have plenty of time to spare for 
college work. In the matter of counting literary 
courses towards the fulfillment of the engineering 
degree, we are met with a difficulty at the outset. 
Not all colleges have the same system. Some give a 
literary course of required work throughout ; others 
make all subjects elective, and still others combine the 
two systems in different ways. 

In the first case a small amount of mathematics 
and natural science is usually given, and students 
gain little towards an engineering education beyond 
acquired habits of study and ability to write English. 
A four years' course in such a college will seldom 
enable a student to cut down the required course in 
engineering by more than one year. 

In the second case, where all subjects are elective 
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as, with two exceptions, they are at Harvard, a student 
may so select his work as to clear oflf three years of 
his engineering course while still in the academic de- 
partment At Harvard University, and no doubt at 
other institutions, many of the engineering subjects 
are regarded as educational, and may therefore be 
counted towards the degree of A. B. There is no 
reason why these subjects should not be considered as 
entirely the equivalent of work done by students reg- 
istered in the scientific departments. With a careful 
selection, it is possible for a bright man, by spending 
four years in the college and one year in the scientific 
school, to get both the literary and the engineering 
degrees in five years. The only drawback to this plan 
seems to be in the lack of practical knowledge with 
which a student comes to the engineering departments. 
A certain amount of practical work must be taken, 
especially for mechanical and electrical engineering, 
to make plain the cburses in designing machinery 
which are usually placed in the last year. Where the 
course is entirely elective, the academic student is 
hkely to omit workshop courses which would be re- 
quired of scientific students in their first and second 
years. It seems advisable, therefore, to require two 
years additional in the scientific department after the 
student has graduated from the academic side. 

An ideal course would seem to be three years spent 
in the academic department of a university, taking 
workshop and field courses during the summer, fol- 
lowed by two years in the engineering department. 
This would fit the average man much better than the 
ordinary four years' course in engineering. The con- 
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centrated effort of two or three months in the summer 
would be much more valuable to a student than work 
scattered over a period of two years, given once or 
twice a week. 

In the third case, where the academic courses are 
part elective and part required, the credits would depend 
largely upon what course the student had taken. All 
courses in pure mathematics might very well be taken 
as the equivalent of those given in the engineering de- 
partment, but the instruction in mechanics for engineers 
should invariably be given in the engineering depart- 
ment by an instructor who knows something about en- 
gineering. The only difficulty in the way of accept- 
ing mathematics taught in the academic department is 
that it may have been given entirely from the theo- 
retical standpoint, with no thought of its use as a tool 
in a man's profession. This seems to me the great 
lack in academic teaching for engineers, and yet a very 
little supplementary practice in calculus will make 
clear its use in scientific work. The instruction in 
other academic studies may be accepted without hesi- 
tation ; in fact, it seems to be preferable to that given 
in the technical colleges. 

There is one decided advantage possessed by students 
graduated from the academic department of a college. 
If they enter an engineering college it is usually be- 
cause they have a taste for engineering. The academic 
period serves as a period of probation, and a young man 
has time to consider his tastes and career. He arrives 
in the professional school older and better able to take 
the required subjects. One of the chief weaknesses 
of our technical colleges and departments lies in the 
youth of its students and their unceitainty about what 
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they really want. Probably very few of the men who 
begin the study of engineering immediately after leav- 
ing the preparatory schools have any real capacity for 
the subject. Hence it is not always the school or the 
method which is to be held accountable for the failure 
of so many students. 

These are some disadvantages as well as advantages 
in academic training for engineers. The chief effort 
in engineering should lie in the direction of acquired 
habits of systematic work, and these are not neces- 
sarily learned in the literary departments. The stu- 
dent is also likely to find the tendency to books and 
the library very strong. This may be among the 
disadvantages, as a successful engineer is essentially a 
man of action. Good teachers are often produced in 
this way, but the technical colleges are organized to 
produce engineers who find their careers in the prac- 
tice of a profession. The best teachers usually develop, 
and courses cannot be laid down specially for their 
education. The value of engineering studies as edu- 
cational training is overlooked. Business men could 
fi:^quently deal more intelligently with affairs if they 
had some understanding of engineering matters, and 
it seems quite clear that the director^j and managers of 
railroads, steamship lines and mining companies, 
would profit greatly by instruction in engineering. 

In summing up this subject of regulating the admis- 
sion of graduates from academic departments, the 
following rule may be suggested : To accept all subjects 
having no direct bearing upon the profession as the 
equivalent of the same work given in the technical 
college; to supplement mathematics with practical 
examples pertaining to engineering, and to require 
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mechanics and professional subjects to be taken in the 
technical college or department. 

Discussion. 

Prof. Storm Bull called attention to a rule at the 
University of Wisconsin which provides that a person 
may graduate in six years from the College of Science 
and College of Engineering ; first taking four years in 
science, and then two years in engineering, on condi- 
tion that he shall so select his studies as to get all 
his mathematics required in the engineering course, 
together with certain similar subjects, at least a year 
before he graduates from the science course. It is 
very important that the frill amount of mathematics 
should be insisted upon. 

Prof. Albert Kingsbury thought it was the ex- 
perience of almost all the colleges which teach me- 
chanics and engineering that, after a course of pure 
mathematics, the student is unable, as a rule, to ap- 
ply the principles which he has learned in pure 
mathematics, to the concrete work in mechanics. 
Taking for instance, the case of determining the centre 
of gravity; it may be found at the outset that the 
student is not able to write the differential equation. 
If this much be done he will get along; but to 
write this, the vital part of the work, is to him an 
impossibility. So, too, with the moment of inertia 
and various things depending on it. It would appear 
that there is room for a text-book in calculus based 
upon the needs of the student of mechanics, and con- 
taining numerous exercises in writing differential 
equations, work which the student finds the most 
difficult of all when he comes to study mechanics. 



THE COMPARATIVE VALUE OF GRADUATE 
STUDY IN*ENGINEERING COURSES. 

BY WILLIAM H. BURR, 
Professor of Civil Engineering, Colnmbia College, New York City. 

In the determination of the value of "Graduate'' 
or any other study in "Engineering Courses" it is 
essential, in the first place, to define as closely as prac- 
ticable what is meant by Graduate Study in this dis- 
cussion, and then ascertain, if possible, its efficiency 
in serving the purpose for which it is intended. 
Again the term Graduate Study can have definite 
application only when used in connection with some 
well defined curriculum of which it is the most 
advanced part, or which it is designed to supplement 
It will be assumed in what follows that the term is 
only to be considered in connection with a professional 
course of civil engineering study, it being further 
understood that the expression "civil engineering" is 
to be taken in its historical and true sense, so as to in- 
clude all engineering not miUtary engineering. This 
view is taken both because it is essentially the only 
correct one, and because in no other way can the 
observations which are to follow be given a sufficient 
generaUty. It is clear that a course of study, graduate 
to an industrial or trade school, even though engineer- 
ing degrees be given in it, would have a very different 
meaning or scope from another, graduate to such an 
advanced professional course of study as a university 
ought to afford. Hence it is to be clearly understood 
that in this paper the latter line of graduate study 
only will be considered. 

(171) 
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Having thus outlined in a general, but sufficiently 
precise, manner what is contemplated under the term 
graduate study, it will be possible to treat in the fullest 
detail desired its value or efficiency in the training of 
the civil engineer for the broadest executive practice 
or for the practice of any of the specialties. In order 
to accomplish this end, it will be necessary to consider 
two classes of study which may be called graduate. 
One of those classes, and that one which will be con- 
sidered first, is an integral part of the educational work 
required for the professional degree, the bachelor's de- 
gree being given at the end of a shorter prescribed 
period of more general and less technical study. Typ- 
ical of this class of civil engineering study is a three 
years' course leading to the B. S. degree, and subse- 
quently two additional years of what may properly be 
called graduate study, leading to the professional de- 
gree of C. E., M. E., E. E., or other special degrees, a 
material portion of which is frequently or usually re- 
quired to be pursued in connection with practical work. 
The division of time devoted to this class of courses of 
engineering study is variable, but the salient features 
are those typified, viz., a somewhat general mathemat- 
ical and scientific, or even engineering course of study, 
preceding a shorter but advanced course of a thoroughly 
technical character, the attainment of the professional 
degree being dependent on the successfiil completion 
of the latter. 

It is probable that two main influences have con- 
trolled the formation of such courses of professional 
study. One of them has arisen from the fact that it 
has been and is still difficult to secure comparatively 
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advanced preparation for students beginning their 
courses of study, and from the implicit recognition at 
least of the desirability of a general or liberal training 
as a basis for the advanced technical training which 
should complete the professional man's education, 
while the other influence has arisen from the belief on 
the part of some that a professional degree is in some 
measure an outward assurance that its possessor is, or 
ought to be, a well qualified practitioner. 

It is well to consider whether a defective prepara- 
tion for the beginning of professional study can be 
remedied by such means, or whether it is either advis- 
able or beneficial to complete an advanced course of 
study in such a way. Few instructors in engineering 
schools will fail to deplore the markedly bad quality of 
the preparation evinced by a large portion and perhaps 
the majority of applicants, but is difficult to show the 
wisdom of any professional school reaching down to 
supply elementary instruction in its own curriculum, 
in order to supplement or correct the deficiencies of 
the preparatory schools whose specific duty it is to 
afford the best quality of just that sort of training. 
That kind of instruction has no proper place in the 
professional school ; the best methods of the latter are 
not adapted to it, and if a real attempt is made to 
meet the need, that attempt will inevitably result in 
seriously affecting the efficiency of the advanced in- 
struction by vitiating its proper methods and divert- 
ing its efforts from its true aims. The curriculum of 
the professional school should be jealously guarded 
against the entrance into it of anything that does not 
belong to it, even though the application of that salu- 
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tary principle reduces to some extent the number of 
students. The things that the preparatory schools 
ought to supply should be exacted from them ; at any 
rate, if the professional school reaches down with its 
curriculum far enough to include them, both its pres- 
tige and its efficiency certainly will be seriously im- 
paired ; it cannot do efficiently that which by its very 
nature it is not designed to do. 

The function of that portion of this class of profes- 
sional courses of study which precedes the bachelor's 
degree, as a general or liberal training on which to base 
the purely technical matter, is open to serious objec- 
tion of the same general character; indeed, it can be 
criticised even more forcibly. It is not the province 
of the professional school to give a general or liberal 
education ; such institutions only attain their highest 
excellence and produce their best results when their 
curriculums are established as if the completed 
general or Uberal education preceded them, and when 
students pursuing them have been subject to the cul- 
tivating and disciplinary influences of broad and 
liberal studies. If the first portion of a professional 
course of civil engineering study be designed upon 
some middle or neutral line lying between the liberal 
and technical fields, with the intent to cover both, it 
will fail to give the student the full benefit of either, 
and yield a hybrid result without character in itself 
and well calculated to defeat effectually the purposes 
of the graduate portion of the course. The two lines 
of educational work are quite dissimilar in nature and 
equally unlike in purpose, and any attempt to com- 
bine them or to conduct them concurrently is, from 
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the simple necessities of the case, foredoomed to failure. 
The general or liberal portion of the professional man's 
education is of fundamental importance, and it should 
be conducted and pursued for just what it is, while 
the technical portion of the work must be performed 
in its own way and for its own peculiar purposes. No 
graduate work can correct the evils which flow from 
the violation of these fundamental principles, for the 
simple reason that those evils are of such a nature as 
to prevent that corrective action. The mixture of 
liberal and technical things will thwart the broad cul- 
tivation which the former ought to give, and defeat by 
necessary superficialities of its environment the pur- 
poses of the latter, which are only to be attained by per- 
sistent concentration along a comparatively few lines 
of thought. In other words, when the student reaches 
the graduate work, he is fitted to pursue it in an in- 
complete and defective manner only, and the results 
will be correspondingly vitiated. 

These arguments can be materially elaborated and 
reinforced, but in order to bring this paper within the 
prescribed limits they have been stated as concisely 
as possible in their bearing on the main points or 
salient features of the questions involved. The con- 
clusion, however, is inevitable that the value of grad- 
uate study in this class of civil engineering courses 
cannot be high, either in its own broad field, or in 
the various specialties of mechanical engineering, elec- 
trical engineering and mining engineering, for the 
reason that that graduate study leading to the profes- 
sional degree is based upon such unsatisfactory train- 
ing that it can neither remedy the defects of the latter, 
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nor attain to the highest excellence in its purely tech- 
nical work. 

The second class of graduate study is that which 
supplements the usual advanced course of civil engi- 
neering study, ordinarily extending over a period of 
four years, and leading to the professional degrees of 
civil engineering or of the various specialties. This 
graduate study is not an integral part of the educa- 
tional work required for the professional degree, but 
it is pursued in order to attain a high grade of excel- 
lence in certain special subjects, and may or may not 
lead to a post-graduate degree of a philosophical char- . 
acter, and its pursuit may or may not require the 
performance of work of a practical nature. It should 
be stated in this connection that the observations upon 
this class of graduate study are intended to be appli- 
cable to those courses of study in civil engineering 
which are of an advanced professional character, but 
which lead to the bachelor's degree in science instead 
of a professional degree, the latter not being conferred 
even after graduate study. 

In all this class of courses of professional study it 
is, or ought to be, the presumption (as yet seldom real- 
ized), that the students pursuing them have taken 
their general or liberal education prior thereto, so that 
they are supposably quaUfied to concentrate their 
educational efforts wholly on the purely professional 
work. These conditions, with a few marked excep- 
tions, are at present largely ideal, but the governing 
principles are as outUned, and they must be so recog- 
nized in this paper, even though a considerable period 
elapse before the results which they surely will secure 
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are realized. Graduate study, then, in this class of 
cases is no integral part of the professional education, 
and it is not to be so considered. Hence its value 
will depend entirely upon the special needs of the 
particular students who pursue it. If their future lines 
of work are so well defined that the demands for special 
excellence in certain subjects or certain branches of 
technical knowledge are clear, graduate study will be 
of much value to them. They will be well equipped 
by their previous educational training to pursue such 
study to the greatest advantage, and there can be no 
question about the benefits which they are sure to 
derive from this class of graduate work. Again, those 
students who have secured their professional educa- 
tion, and whose circumstances do not require them to 
support themselves immediately, may wisely pursue 
graduate study in such directions as their tastes or the 
probable future demands upon them may indicate. 
No valid reasons of a general character, however, can 
be assigned for imposing graduate study upon the ad- 
vanced professional course in order to secure that edu- 
cational training which enables a young civil engineer 
to begin his life work, and which is evidenced by his 
professional degree or by some degree which is equiva- 
lent in evidence to that. 

In the consideration of this class of graduate study, 
no special point has been made regarding the receipt 
of an advanced degree at the completion of it, for the 
simple reason that the writer considers such a degree, 
under the present conditions, as of little or no value 
or consequence. These studies should be pursued 
for the benefits which the resulting increase of 
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knowledge confers, and that is ample reward for 
all the labor incurred. It is not intended in this ob- 
servation to criticise in an unfriendly manner the 
practice of conferring advanced or post-graduate de- 
grees really earned, for that practice is based upon a 
just recognition of genuine excellence in the attain- 
ment of knowledge, and is salutary. It is difficult to 
understand, however, on what basis one familiar with 
the present general practice of conferring those de- 
grees can entertain much esteem for them as a class. 
Should the line of graduate study therefore lead to an 
estabhshed post-graduate or advanced degree, it is 
well enough, and should it not it is equally well, for 
the main purpose in either case is the gain of knowl- 
edge. 

Before finally stating the conclusions to which these 
considerations have led, it is not inappropriate to no- 
tice the fact that neither those considerations, nor the 
consensus of experience, has shown the wisdom of 
making the course of professional study other than 
thoroughly technical, and of such length and char- 
acter as fittingly to lead to the professional degree, 
but both of these agencies show conclusively that it 
should be preceded by a broad and liberal training. 
While there is no inherent prescription of length of 
that course of professional study, experience has shown 
that, with the proper preliminary training, a period of 
four years is well adapted to accomplish the desired 
purposes, at the end of which the professional degree 
is appropriately given. Neither reason nor experience 
shows that a longer period will generally confer ad- 
vantages commensurate with the extension of time. 
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It is well to observe just here that the professional 
degree in any profession whatever does not even 
imply that its holder is a practitioner, but that he 
has completed an educational training which enables 
him so to begin and pursue the practical work of his 
profession (which is really the practical part of his 
education) as eventually to attain to the condition of 
a finished practitioner. 

The conclusions to which the preceding considera- 
tions lead may be succinctly stated as follows : Gradu- 
ate study in engineering courses does not possess 
material value as an integral part of a course of 
engineering study leading to a professional degree, but 
it is of essential value as a supplement to such a 
course of study in certain exceptional instances, where 
unusual proficiency in special branches of engineering 
knowledge is required. 

Discussion. 

Mr. William Kent was of the opinion that the 
paper prpbably did not need much discussion, because 
there would be a general agreement ynth it as to grad- 
uate studies. Graduate studies should be taken by 
men who expected to devote themselves to one par- 
ticular line, and thus to especially qualify themselves 
in that line ; but the great body of students should not 
be required to take post-graduate courses. Further- 
more, post-graduate study should not be for any degree, 
but simply for men who desire to get particular in- 
formation along particular lines. There were, however, 
one or two points in the paper to which he would take 
exception. Prof. Burr spoke of the undesirability of 
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any general culture work in the engineering course, 
and it appeared that Columbia C!ollege, where Prof. 
Burr is, has no culture studies in its course; but 
all the other colleges have ten or fifteen per cent, of 
the whole time given to culture studies, and that seems 
to be the result of twenty years of experience in a 
great number of colleges. Another point was the defi- 
nition of the term "civil engineering.'' Prof. Burr 
claimed to use the word in its historical and only cor- 
rect sense. If that were its only correct sense, then 
nearly everybody is using it in an incorrect sense. 
The great body of mechanical engineers surely make 
a mistake in not calling themselves civil engineers if, 
according to Prof Burr's definition, civil engineering 
is a profession including all engineering not military 
engineering. 

The colleges and universities to-day have different 
departments of engineering, one turning out civil en- 
gineers and another mechanical engineers. They do 
not tell the mechanical engineer that he is really a 
civil engineer, and that a mechanical engineer is a 
particular kind of a civil engineer. As a matter of 
fact, the profession labels them all " engineers," and 
the civil engineer has a definite function, the improve- 
ment of the earth's surface by the building of bridges, 
etc. It would be well to discuss this question a little, 
as to what is meant by the terms " civil engineer" 
and "mechanical engineer." 



THE ECONOMIC ELEMENT IN TECHNICAL 

EDUCATION. 

BY L. S. RANDOLPH, 

Professor of Mechaiiical Engineering, Virginia Agricnltmal and 

Mechanical Ck>llege. 

The purpose of this paper is to call attention to, and 
elicit discussion upon, a subject which the writer con- 
siders of much importance in technical education. 

Attention was called to this question by a report of 
tests of bar iron, in which the ultimate tensile strength 
was given to three places of decimals, or thousandths 
of a pound per square inch, while the probable error 
was about one hundred pounds per square inch, and 
the time lost in doing the extra clerical work was about 
equal to the time ordinarily required to make out 
such a report 

In following this subject out it will be seen that in 
many and, in fact, in all cases, the question will arise : 
" What degree of refinement is necessary?" 

In the formula for the breadth of a key given by 
one of our best authorities on steam-engine details, the 
decimal .7854 is used. For an assumed size of engine, 
this gives a breadth of key of 1.225". If we were to 
to use .8 instead of the long decimal we would get 
1.248". If we were to use .78, we would get the 
breadth of the key 1.216". In the actual design of 
an engine, I venture to say, ninety-nine draughtsmen 
out of every one hundred would make the dimension 
1 i" or 1.25". The variation here is less than y^ ", which 
is less than the smallest variation in dimension allowed 
for ordinary machinery. 

14 ( 181 ) 



182 ECONOMIC ELEMENT IN TECHNICAL EDUCATION. 

This is not a particularly bad case, and a very good 
argument can be made for its use in that the complete 
decimal, .7854, is almost as well known as ^, and it is 
important to show that the quantity is not an arbi- 
trary one. 

The last two decimals are, however, unquestionably 
useless for all practical purposes and also seriously 
militate against the use of the formula for purposes of 
instruction, as so much of the pupil's time is taken 
up in useless calculation, which might have been 
applied to better advantage in seeing that the formula 
was correctly used. 

In many cases the length and complexity of for- 
mulee make them simply ridiculous. It may be 
argued that these complex formulse are necessary to 
explain fully the principles upon which the design of 
the part is based, but as a matter of fact, they seldom 
are ; the complex formulae being thrown aside by the 
designer, in actual practice, and the design of the part 
determined by other considerations. 

May it not also be said that this unnecessary precis- 
ion is a serious detriment to the pupils' future suc- 
cess ? While it is scarcely conceivable that any pupil 
would attempt to have bar iron rolled to 1.216 of an 
inch, he might try to have it machined to that dimin- 
sion, with disastrous results to his position in his 
employer's esteem. There are many cases where too 
great refinement does as much harm as inaccuracy. 

The argument which has been urged so frequently 
against the technical graduate is that his theoretical 
deductions are not reliable; and frequently this is just, 
not on account of the inaccurate deductions from the 
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premises, but from the premises not taking into 
account the commercial or economic side of the ques- 
tion. 

The writer, among other methods, uses the follow- 
ing in handUng this subject, with the view, first, of 
impressing on the student that the commercial side of 
the question must be taken into account, and second, 
of making him, as far as possible, familiar with its 
effect on problems. 

With formulse such as the above, attention is called 
to the Umit of error, and when problems are given, 
as is done quite frequently, the student is asked, 
after he has reported the result obtained, what size 
he would make the piece, and what are his reasons 
for doing so. In some cases he is required, or shown 
how, to work out and determine the relative econ- 
omy of the two sizes, taking into account time and 
material. 

In the above case it would be shown that the waste 
of material would be nothing, as it would have to be 
purchased of a certain given size and that slightly 
more time would be required to work to the unaccus- 
tomed dimension, and if the keyways were milled 
out, a new milling cutter would be required to do the 
work economically. 

In all formulse this method is followed, problems 
being frequently given where the student is required 
to assume some of the data. He is then shown the 
effect of variation in the data assumed. 

In machine design this question is constantly 
brought up. The student is required to make his 
own designs first, and is then asked how he would 
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chuck them on the machine, how mould them, and 
in case he has not had sufficient shop practice,, altera- 
tions in the plan are suggested, and the reasons for 
them given him. In the opinion of the writer, the 
best time to impress the effect of the commercial side 
of the question is during the instruction in designing, 
for it can be readily shown that a design must not 
only be good, but that the measure of its worth is its 
commercial practicabiKty and economy. 

In purely theoretical mechanics the subject is care- 
fully avoided. 

The greatest difficulty occurs in taking up the sub- 
ject of the relative economy of different forms of 
construction, and the principles governing the selection 
of machinery. This subject has been handled so far 
by means of lectures only, formulating the principles 
where a statement can be made sufficiently concise, 
and supplementing it by means of copious illustrations. 
In some cases the underlying principles can be best 
brought out by means of one or more illustrations, as 
for instance : "What kind of boiler shall we use for a 
given plant?" Boilers can be gotten for from eight 
and nine dollars per horse power up to twenty-five dol- 
lars. It will be at once seen what an enormous effect 
on the solution of the problem the cost of boiler will 
have. But the character of the water to be handled 
must also be taken into account, the price of coal and 
the work to be done by the boiler. Such a problem 
as this does not admit of an accurate statement or 
formula which will cover all cases, but can be handled 
very satisfactorily by assuming one or two cases and 
having them completely worked out and the reasons 
for each step discussed fully. 
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It is also important that the method of determining 
the cost of a machine or other piece of work should 
be studied, and this requires a study of shop accounts 
and the method of determining and distributing the 
uncharged expenses or supervision of a factory. 

That such work as this should be taken up in out 
technical courses, many observations such as the one 
first mentioned, have demonstrated. Recently a grad- 
uate in electrical engineering failed to obtain a lucra- 
tive position because, when asked to calculate the size 
of wire necessary to carry the current for a given num- 
ber of lamps, he reported the results in sixteenths of 
an inch instead of by wire gauge. 

In the writer's own practice, again and again have 
the young men under him failed to obtain promotion 
or opportunities for a higher class of work, not so much 
on account of the lack of knowledge of shop practice 
as their ignorance of the fact that any other consider- 
ations could govern the design of a piece of work than 
the actual strength ; and the experience of others with 
whom this subject has been discussed has corroborated 
the writer's ideas. 

While to many the introduction of the idea of 
money and its influence in a course in an educational 
institution is extremely obnoxious, we must face the 
fact that the profession of an engineer is, to a certain 
extent, a commercial one, and that our technical col- 
leges are turning out in large numbers men who will 
be superintendents, managers, presidents, etc., whose 
duties will be almost entirely executive, requiring a 
thorough knowledge of the economics of the profes- 
sion. 
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Discussion. 

Mr, William Kent regarded this paper as of a little 
dilBferent character from those previously listened to. 
It was very practical, and dealt with information 
which the student ought to get in the text-book, but 
which he did not obtain there ; and it occurred to him 
that this was the result of Mr. Randolph's own ex- 
perience. The proper way to make a Professor of 
Engineering was just the way Prof Randolph tooki 
He had been in active life, in very responsible posi- 
tions, and had met with the difficulties which he had 
laid down in this paper. The proper way to make a 
Professor of Mechanics wa. to let Mm graduate from 
an engineering college, then put him out of it and 
into practical life for ten years, and then turn him 
back into the college again. 

Prof. John J. Flather endorsed the paper very 
thoroughly. There seemed to be a lack of such edu- 
cational training of our students in the average tech- 
nical college. There was hardly a word in that paper 
that he would not thoroughly endorse. It not only 
met with his approval, but it very closely followed 
the practice that he had adopted for the past four 
years ; there were short intervals, now and then, that 
could be filled in with short lecture courses, as, for in- 
stance, one the speaker had in mind during the read- 
ing of the paper ; there was a lapse of four weeks in 
the senior year of their course ; in that four weeks the 
students were giveji lectures in the matter of specifi- 
cations and estimates of the cost of machinery. 

Instruction was given as to the drawing up of speci- 
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fications and the student was encouraged to become 
familiar with the contents of such engineering con- 
tracts as were available. Regarding the estimates of 
cost, the speaker stated that no attempt was made to 
crowd facts into the student, but a few lectures had 
been given to the Seniors in Mechanical Engineering, 
in which practical shop methods of ascertaining and 
keeping cost were discussed and presented to the stu-^ 
dent, who thus secured well-tried and satisfactory 
methods that any engineer who had been in the shop 
realized the need of. The Economic Element in 
Technical Education should be especially emphasized 
in the drawing room, since, if this feature be neglected, 
the student loses much of permanent value to him. 
The paper was a very valuable one and worthy of care- 
ful study. 

Prop. J. Galbraith considered that it was not 
the function of the technical college to turn out fin- 
ished engineers or to usurp the part played in the 
education of an engineer by the shop, office and field. 
The work of the college is to train the student in the 
sciences and their applications to engineering prob- 
lems. The teachers should be drawn fi*om the ranks 
of the profession not because their duty is to give the 
practical training which can be better acquired in the 
course of professional practice, but because only such 
teachers can properly train students in the applications 
of theory and put them in the position of viewing sci- 
entific problems from the engineer's standpoint. The 
graduate of the technical college ought to be able to 
read the scientific literature pertaining to his profes- 
sional work. If he cannot do this, the college has 
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failed in performing its duty and no amount of practi- 
cal instruction will make up for this failure. 

The college ought, of course, to give the student a 
sufficiently practical training to enable him to enter 
easily into professional work and perhaps earn enough 
to pay his board bill, but more than this the speaker 
regards as a waste of energy. The practicing engineer 
into whose office or shop the young graduate goes, 
does not expect from him much either in the way of 
practical knowledge or judgment. He has a right, 
however, to expect a trained intelligence, aptitude and 
flexibility of mind and a fair knowledge of scientific 
principles. 

. Prof. Albert Kingsbury said his sympathies were 
very much excited about the young man who, as had 
been stated, lost a position by stating the diameter of 
wire in fractions of an inch instead of by wire gauge. 
Possibly this did not result from the lack of sufficient 
teaching. It might have been that he had been care- 
fully and rightly taught not to use the wire gauge. 



UNSYMMETRICAL DEVELOPMENT OF 
ENGINEERING COURSES. 

May an Engineering College, with Profit, Allow One 
Department to Become highly Developed at the 
Expense of Other Departments ? 

BY P. R. HUTTON, 
Profeesor of Meohanioal Engineering, Columbia XJniversitj, New York. 

The writer has been requested to take part in the 
discussion on the general topic of "The Characteristics 
of the Best Engineering College now Attainable in 
America," by giving his views upon that branch of 
the subject which is included under the above title. 

It is assumed that it is desired to consider the ques- 
tion of organization of a technical college of some 
extent and diversity, involving, as that question must, 
the advisability of giving instruction to students in 
all specialties of engineering, as well as in funda- 
mental subjects which are common to all. 

To give precision to the discussion, let it be assumed 
that the fundamental subjects before the mind of 
writer and reader include mathematics, physics, me- 
chanics and chemistry. In an engineering college of 
the highest grade, each of these subjects is likely to 
constitute a department by itself, with a professor in 
chief as head of the department, with whom a num- 
ber of assistants will cooperate, the number of such 
assistants varying with the number of students and 
classes to be instructed. The departmental idea in- 
volves the pre-supposition that the head of the depart- 
ment is fitted by capacity and experience for such 
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leadership, and usually the assistants, his juniors, will 
be men of less weight, although this is not necessarily 
the case. An ideal department would be a group of 
men of equal calibre, whose head or. chief is chosen 
either by seniority or other accidental reason, and who 
stands merely primus inter pares. 

In most of the engineering schools a number of 
parallel courses run side by side, each ending in its 
own appropriate professional degree. A number of 
men is to be instructed by these fundamental depart- 
ments, which number is in excess of that which one 
person in each department can handle efficiently. This 
difficulty can be met in two ways; and the method of 
meeting it constitutes the system of organization. The 
division among instructors may be by classes, so that all 
students of all courses attend a class instructor at one 
time ; or the division may be by schools or courses, so 
that students in a certain course, and candidates for a 
certain degree, are assigned to a special instructor in 
mechanics or physics or whatever, in the school or 
course of mechanical, civil or other engineering. 

The answer to the question which forms the title of 
this thesis must, therefore, be conditioned by the prin- 
ciple of organization which keeps the departmental 
idea supreme, or that which keeps the school or course 
idea supreme. 

I am frank to say that my predilections are in favor 
of the school method of organization, although each 
system has advantages which are neither few nor 
small. The pedagogic value of the school organiza- 
tion, its advertising value, and its effect in arousing 
the enthusiasm of its students and graduates are argu- 
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ments in its favor. On the other hand, where the 
salary account must enter as a factor, the presumption 
is that all students will be better instructed and 
more stimulated when all come in contact with the 
head and chief, the specialist of the department. 
This may not occur in the other organization. The 
pedagogic value of the school or course organization 
arises from the fact that architects and engineers may 
with profit be drilled in distinct classes of problems 
in applied mathematics, mechanics and chemistry. 
Mining and electrical engineers do not want the 
same point of view in their instruction in physics and 
chemistry, and so the distinction may be made for 
each course and degree. A further administrative 
advantage of the school or course organization is that 
there is usually one person holding the relation of 
Director of that school or course, and the centraliza- 
tion of responsibility with the coordinating power in 
one pair of hands mitigates or removes many obstacles 
which are apt to be present when each department is 
supreme and its methods a law unto itself 

In so many of the technical colleges of America the 
organization now prevaihng has a basis which is historic 
and personal, rather than logical and pre-arranged, 
that it is made impossible to find a general principle 
which will not compel many exceptions. But in gen- 
eral I would say that, with the departmental idea 
supreme, it can very easily happen that the develop- 
ment of one department, occurring either at the 
expense of another or without such effect upon an- 
other, would be unprofitable and unwise. The deve- 
lopment of a department in a college made up of de- 
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partments, is likely to be the result of the personality 
of the individual at its head. Such magnetic person- 
ality attracts gifts, the interest of patrons and govern- 
ing authorities, and secures plums in the way of the 
best and most commodious accommodations, all of 
which give rise to evils. While the strength of a whole 
is made up by the strength of its parts, the strength 
and growth of departments, which should be logically 
supreme, should not be repressed or interfered with by 
an over-growth and development which forces a dis- 
proportionate flow of sap into one particular branch. 
It is difficult to over-develop mathematics and 
mechanics for engineers ; it is easily possible to over- 
develop analytical chemistry for such students. 

Under the school organization, these difficulties do 
not arise, or if they do, their form is different and the 
evils are more controllable. The development, in any 
college, of a department which gives instruction in 
several such schools or courses, becomes now a function 
of the number of students in each school or course. 
The number of students for any professional degree is 
determined partly by the call for workers in that par- 
ticular field, partly by fashion and partly by the 
equipment and personnel of the instructors. It has 
been well pointed out that the industrial development 
of a country is progressive, and begins with a call, first, 
for the hunter and trapper ; secondly, for the pioneer 
settler; third, for the mining engineer and agricul- 
turalist ; fourth, for the civil engineer and specialist in 
transportation problems, and lastly, for the engineer 
who will develop manufacturing. It is presumed that 
this historical trend explains the development, througli- 
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out New England and the Eastern and Middle States, 
of the colleges and courses in mechanical and electri- 
cal engineering. It explains, in part, why one course 
catches up to, transcends and falls behind another, in 
spite of the best reputation, equipment and faciUties 
of that other. In the writer's judgment, therefore, the 
institution as a whole should, for this reason, be or- 
ganized with a flexibility and adaptibility to the in- 
dustrial needs of the district and the period, so that 
in each college the development of the departments 
which serve it, may be made as the needs of the stu- 
dents require. 

This policy of organization, if carried out under a 
competent and wise executive, would preclude that 
most regrettable policy of retrenchment which wipes 
out fix)m an institution an entire course of study be- 
cause the number of students has fallen below a cer- 
tain number from no fault of the institution or its 
officers. This is the worst form of the development 
of one department at thee xpense of another, because 
the former happens to be floating at the moment upon 
the crest of the wave. 

The writer does not consider that in this discussion 
he has by any means exhausted the question of the 
respective advantages of the two systems of organ- 
ization. He will be very glad if, by calling attention 
to this point of view, he shall elicit the opinions of 
his colleagues, both upon the main question and upon 
those which are dependent upon it. 



THE CIVIL ENGINEER OF THE TWENTIETH 

CENTURY. 

BY ELMER LAWRENCE CORTHELL, D. Sc. C. E. 

It should be stated at the outset that this is neither 
a technical, professional, scientific, nor even an argu- 
mentative paper. It is rather an earnest personal 
appeal to the engineers of the Twentieth Century, who 
are to take up and go on with the work which we of 
the Nineteenth Century must so soon lay down forever. 

Most of the educators who will read this paper are 
of the Nineteenth Century ; most of those whom they 
are educating are of the Twentieth Century. 

It is fitting for those who have been active in pro- 
fessional work in the last half of the Nineteenth Cen- 
tury to give refiections and advice from their experi- 
ence to those who, in the freshness of their young 
vigorous manhood, are soon to enter their Twentieth 
Century work. 

Although we of the Nineteenth Century are not all 
hoary headed patriarchs tottering on the verge of 
earthly dissolution, yet we must confess to have seen 
our best days. Failing sight, stiffness of joints, the 
bent form, the weariness from work, and many other 
indications convince even ourselves that we are de- 
scending the steep of time and must soon have naught 
but the tombstone and a decaying memory among liv- 
ing men. 

King David in his old age, after forty years of vig- 
orous rule over Israel, was obliged to hand his king- 
dom over to his son Solomon, to whom he gave 
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advice in the words we now may fitly use in advising 
those coming after us: "J?e strong and show thyself a 
TMvnr 

There are four constituent qualities that, when de- 
veloped and actively employed, make up a "man," 
physical, intellectual, moral, spiritual. All are neces- 
sary to round out, broaden, deepen, strengthen and 
develop the strong man. With only one, however, 
the intellectual, have we now to do, although counsel- 
ing the most careful study and adoption of the require- 
ments appertaining to the remaining three qualities. 

In his recent address before the American Society 
of Civil Engineers, President Morison sketched for us 
in clear outlines, and filled in the picture with strik- 
ing but true colors, the civil engineer of the Twentieth 
Century ; more than that, he surveyed in a masterly 
manner and attractive style the field of his labors, and 
set before him a goal for his highest ambitions. That 
address should be printed in every text-book of civil 
engineering and be used as an introduction to the 
engineering course in every engineering college of this 
broad land, as a sign-board pointing the young man 
at the outset of his career in the right direction. 

With only one of the requirements of a civil en- 
gineering education stated in that address are we con- 
cerned now. 

As a secondary and developing text of our discourse 
the main features of the fundamental advice of Presi- 
dent Morrison's address are here recorded : 

"The civil engineer of the new epoch, the epoch 
which he is bringing into existence by the manufacture 
of power, must be an educated man ; in no profession 
will this be more necessary. 
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*^The civil engineer of the new epoch must be a 
specialist. No man can learn to design all the tools 
by which the powers in nature are to be directed. 
The work is too great for one man to master. The 
best results will only be obtained by concentrating 
effort in a single line. But though the civil engineer 
must be a speqialist, his specialty must not be of a nar- 
row kind ; he must have that general knowledge and 
training which makes the Uberally educated man. 
The real difference between a liberal education and a 
special education is that one teaches the student to use 
his mind, and the other gives him information. The 
civil engineer must have had the mental discipline 
which qualifies the mind to investigate kindred sub- 
jects beyond the limits of his own specialty ; his edu- 
cation must be broad enough for this, or he will not 
be a civil engineer. The knowledge of his specialty 
will be only part of his education ; the mental disci- 
pline will be more." 

Then speaking of the scope and duty of the Amer- 
ican Society of Civil Engineers, he says : 

'*It will be the duty of our Society to elevate the 
profession of the civil engineer to the very highest 
rank among the liberally educated professions." And 
again : 

" Let it now be known distinctly that our profession 
is one of training and education. The civil engineer 
is an educated man whose knowledge of the sources 
of power in nature enables him to direct them for the 
convenience of man. 

'*The tools which we have to build are generally 
large. The physical man is often a tiny thing beside 
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the work which he has to construct. Nothing illus- 
trates the power of mind over matter better than the 
work of our profession. Though we deal with matter 
and our work is of a material kind, it is the mind 
which has made this matter give forth power; it is the 
mind which is opening the new epoch, and it is by 
the training of this mind that the civil engineer must 
prevail. We are the priests of material development, 
of the work which enables other men to enjoy the 
fioiits of the great sources of power in nature and of 
the power of mind over matter. We are priests of the 
new epoch, without superstitions ; but if our profes- 
sion is to do the good work of which it is capable, the 
true spirit of individual immolation which has char- 
acterized the devoted priests of all ages must be found 
among ourselves. The profession can only do its 
future work by trained minds working together." 

Let us now turn from the lofty and inspiring words 
of a man of affairs, the peer of any in our profession, 
and who speaks from a quarter of a century of in- 
tense activity on great engineering constructions, to 
the advice of one of the thorough scholars of the pro- 
fession, who holds deservedly a high place as an edu- 
cator. Prof Wm. H. Burr, of Columbia College. His 
views were given in a paper properly placed in the 
lead of a series of well written papers on Engineering 
Education, bound in the first volume of this Society's 
proceedings, and read before Division E. of the Inter- 
national Engineering Congress held at Chicago in 1893: 

" In the older learned professions this sequence of 
broad and general cultivation prior to, and forming 
the foundation of, the subsequent professional training 

15 
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is well defined, and the ultimate nature of the case in 
engineering is precisely the same as that in law or 
medicine. By means of a liberal training the re- 
quisite powers of observation and a sound judgment 
are more symmetrically developed and far more ac- 
curately appUed in consequence of truer conceptions 
of the object on which they are brought to bear, and 
a correspondingly enhanced power of healthy mental 
assimilation is acquired. The broad cultivation, it 
matters little when or where it is obtained, is the 
only effectual corrective for that narrow and mal- 
formed excellence in some special direction, which, 
while it is certainly much better than no excellence 
at all, falls lamentably short of the vigorous and well- 
rounded product of the ideal education in engineeering. 
The writer unhesitatingly places, therefore, as the 
first and fundamental requisite in the ideal education 
of young engineers, a broad liberal education in phil- 
osophy and arts, precedent to the purely professional 
training." 

si: 4: Hs :{: H: 4s 

"The complete and satisfactory discharge of such 
functions cannot, from their very nature be accom- 
plished on a bare possession of technical knowledge. 
This is, indeed, essential, but it is just as essential, and 
perhaps more so, to know how to use it." 

4: 9{e 4s sis s|e a(: 

"There are, then, few professional men to whom the 
broadly cultivating influences of a liberal education 
are more needful than to the engineer. His early 
professional practice does not induce any development 
which can fill the voids of a faulty general education. 
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while his latter practice demands what only liberal 
training can supply." 

These are the clear and forcibly expressed views of 
engineers addressed to engineers and for engineers. 
Let lis now speak as wien to men. 

I see before me in my imagination an audience, 
vast and interested, of young men, boys of the age of 
fourteen to eighteen, who are perhaps at this very 
moment endeavoring to decide upon their future 
course, arid longing for something to be said to them 
as the coming men of the Twentieth Century, the 
fiiture citizens of the Republic, who, while they are to 
be engineers, are first to be men. They are asking 
what advice we have for them. Do you remember 
the heralds who stood on the peristyle on Chicago Day 
at the Great Exposition, and flung out their clarion 
call to that vast waiting multitude across the Grand 
Court of Honor? They were ordinary men, so small 
in the distance as to be hardly recognizable, yet their 
voice was heard clear and shrill, calling to the duty of 
the day. We, and this includes others who believe as 
the writer does, who address this vast imaginary audi- 
ence, are men lost in the distance, but as representa- 
tives of the great body of liberally educated men of 
the Nineteenth Century, we stand on the peristyle 
looking out over your heads as you congregate in the 
Grand Court of Honor of the Twentieth Century, and 
blow the clarion call to you to score your mark upon 
the face of your century higher, and wider, and 
deeper, than we have upon the face of the Nineteenth 
Century. To each we come with King David's living 
words : "Jffc strong and show thyself a man.'^ 
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A man first, an engineer afterwards. How may 
you best become *' strong?" Testimony to the neces- 
sity of a broad liberal education for this strength, and 
as a foundation for your lives and at the same time 
for your professional work, will influence you more 
potently than any argument, and as the writer only 
desires to accompUsh this worthy purpose he will go 
on quoting from the words of those who, by ex- 
perience, have a right to speak to you and to whom 
you are in duty bound to listen and take heed. 

One of the educators of the age, not only of large 
experience with young men at school, but having an 
intimate knowledge of their later life, character and 
usefulness, President Timothy Dwight, of Yale College, 
speaking of this liberal and higher education, says : 

'*He may not be a philosopher, or a poet, or a states- 
man, or a scholar ; but as educated, and because he is 
educated, he is thoughtful, rich in his resources for him- 
self and for others. This is what the higher educa- 
tion means, and it has no truest and deepest meaning 
apart from this. This developed power of serious 
thought is the essence of educated Ufe. It is the 
fountain of Uving water within the mind, which is for 
every educated man the blessing of such Ufe. To 
have rich thoughts, serious thoughts ; in the sense ot 
calm, serene, earnest, intelligent, cultured, generous, 
manly thinking on any and all themes which are 
worthy of human thought, what blessing for the 
mind can be greater, or can contain in itself more 
truly the secret of the best Uving? Everything good 
to think about and the cultivated power to think about 
everything good, for this we are educated with the 
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higher education. Being thus gifted with the educa- 
tion we receive, we overflow and outflow, as it were, 
because of the life within us, to all whom we see and 
know. Being ftiU in ourselves, we give fullness to 
others. 

"Education is, first of all, for the sphere within the 
man and not for the sphere without him. The work 
for the outward, which is to accomplish its results for 
the well-being and up-building of the world, is to be 
the outcome of the energies within. 

" Who knows that results are greater when the man 
understands only one thing and thinks of only one? 
The results that are seen may, perchance, be greater ; 
though this, as relating to all cases, will need proving. 
But those that are unseen, who can tell of them? And 
the unseen results are often, if not always, the greatest 
and most important. In the unseen region is influ- 
ence. It is itself, in the largest working and measure 
of it, the most unseen of all things. But what influ- 
ence is, and from the nature of influence will ever be, 
so wide-reaching as that of a rich mind and soul which 
are filled out by education on every side to their ftiU- 
ness of culture and beauty? 

"The worker in the great workshop to which the 
higher education opens the door may think of and 
know what is beyond his special sphere, and he must 
do so for the general good, because in the higher region 
where he dwells it is not mere workers, but Toen whom 
the world needs for its well-being. 

"Such, as we may hope and beUeve, is the educa- 
tion which the schools in the coming century will 
bring to those whose privilege it shall be to be trained 
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under their higher influences. TTie failings and weak^ 
neeses of the old systems will be laid aside. The 
wrong working and false ideas of our time and the 
time behind us will be put away, and a completeness 
will be given to that which has hitherto been partial 
and incomplete. The era will be for the schools, as 
well as for the household and the individual, an era 
of wide culture, in which the higher education will 
be valued for what it gives the man of thinking power 
and range of mental life. The divine truth will be 
realized ; the man, not for rules, not for uses, not for 
the mere outgoing of energy towards the world, but 
for the mind and for thought, to which all these 
things will render their service, and in which will be 
blessing alike for the individual and for the race." 

These earnest words ought to be written in letters of 
light, and like a grand piece of pyrotechnics, be dis- 
played before this immense audience of young men, 
and be thrown upon the darkening twilight of the 
Nineteenth Century, to light up the grand and . beau- 
tiful fields of usefulness of the Twentieth Century, upon 
which you are so soon to enter. 

Now let me search for a word from the ranks of the 
clergy who are training young men for still higher 
paths than those of earthly manhood. Listen to the 
views of so great and good a man as Bishop Potter, 
who recently at the one-hundredth commencement of 
Union University at Schenectady said : 

"The time will never come when a man who has 
not merely learned certain chemical combinations so 
that he can manufacture a fertilizer, or certain mathe- 
matical combinations so that he can build a railroad, 
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but has also learned what made a little peninsular in 
the Adriatic the mistress of the world, or how Roman 
law became the basis of the jurisprudence of Christen^ 
dom, or how the fall of empires was foreshadowed in 
the 'RepubUc' of Plato, or how the growth of a 
corrupt and privileged ecclesiasticism brought about 
the transformation of modem Europe, the time will 
never come, I say, when the man who has learned these 
things, not a parrot-like learning, but in the length 
and breadth of their vast and enduring significance, 
will not be, in every highest sense, the master of him 
who has not/' 

Never, indeed, was there an age when the State de- 
manded of its sons, in whatever relation they are to 
serve it, a larger culture or a riper learning. 

One of the great practical educators of the day, 
Bishop Vincent, founder of Chatauqua and its well- 
known Uterary course of study, has regretted all his 
life that in his boyhood he decided to preach before 
obtaining a college education; " the more he worked 
in his profession, the more keenly he felt the value of 
a thorough mental training. His lack of it became a 
constant regret." To off-set this lack when it was too 
late to go to college, he conceived the plan, reaching 
through the years, by which, in connection with pro- 
fessional duties, he might turn his whole life into a 
college course, and by force of personal resolve, secure 
many benefits of college education. Let us use now 
his own words : 

" I remembered that the college aims to promote, 
through force of personal resolve, the systematic train- 
ing of all the mental faculties to the habit of concen- 
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trated and continuous attention ; that the mind, with 
its varied energies, may be trained, and thus prepared 
to do its best work, subject to the direction of the 
will ; that it cultivates the powers of oral and written 
expression ; that it encourages fellowships and com- 
petitions among students seeking the same end ; that 
it secures the influence of professional specialists, great 
teachers who know how to inspire and to quicken 
other minds ; and that it gives to a man broad surv^eys 
of the fields of learning, discovering relations, indi- 
cating the lines of special research for those whose pe- 
culiar aptitudes are developed by college discipUne, 
thus giving one a sense of his own littleness in the 
presence of the vast realm of truth exposed to \'iew, 
so that he may find out with La Place that * what we 
know here is very little ; what we are ignorant of is 
immense.' 

'*The task before me was to secure these results to 
as large a degree as possible; mental discipUne, in 
order to intellectual achievement, practice in expres- 
sion, contact with living students and hving teachers, 
and the broad outlook which the college ciuriculum 
guarantees. This aim, therefore, for years controlled 
my professional and non-professional studies." 

Let us now hear what one of the lawyers, president 
of one of our greatest railroads, and a man of com- 
manding influence, Chauncey M. Depew, has to say. 

In his address before the Tenth Convocation of the 
University of Chicago, April 1, 1895, he gave utter- 
ance in the following words to his decided views from 
out a very rich experience and an intimate knowledge 
of men : 
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"It has been my lot in the pecuUar position, which 
I have occupied for over a quarter of a century, of 
counsel and adviser for a great corporation and its 
creators, and of the many successfiil men in business 
who have surrounded them, to know how men who 
had been denied in their youth the opportunities for 
education, feel when they are possessed of fortunes and 
the world seems at their feet. Then they painfully 
recognize their Umitations; then they know their 
weakness ; then they understand that there are things 
which money cannot buy, and that there are gratifica- 
tions and triumphs which no fortune can secure. 
The one lament of all those men has been: 'Oh, if 
I had been educated! I would sacrifice all that I 
have, to attain the opportunities of the college ; to be 
able to sustain not only conversation and discussion 
with the educated men with whom I come in contact, 
but competent also to enjoy what I see is a delight to 
them beyond anything which I know."' 

The college in its four years of discipline, training, 
teaching and development, makes the boy the man. 
His Latin and his Greek, his rhetoric and his logic, his 
science and his philosophy, his mathematics and his 
history, have Uttle or nothing to do with law or medi- 
cine or theology, and still less to do with manufactur- 
ing or mining, or storekeeping, or stocks, or grain, or 
provisions. But they have given to the youth when 
he has graduated, the command of that superb intelli- 
gence with which God has endowed him, by which 
for the purpose of a living or a fortune, he grasps his 
profession or his business and speedily overtakes the 
boy who, abandoning college opportunities, gave his 
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narrow life to the narrowing pursuit of the one thing 
by which he expected to earn a living. The college- 
bred man has an equal opportunity for bread and 
butter, but beyond that, he becomes a citizen of com- 
manding influence and a leader in every conununity 
in which he settles. Within his home, however humble 
it may be and however limited his income to support 
it, he has among his books and in the grasp and discus- 
sion of the questions of the hour, enjoyment which is 
denied to the man who has not drunk at the fountain . 
of knowledge and the well-spring of inspiration which 
flows only in the college or the university, 

**The best proof of the value of a college education 
in all the pursuits of life is to be found in the 
eminent success of those who have enjoyed it, in the 
higher walks of the professions, of statesmanship, and 
even of business." 

After Morison, Burr, Dwight, Potter, Vincent and 
Depew, the writer may not venture to say much by 
referring to his own experience, but all can speak more 
earnestly from their own experience than from that 
of others. Therefore the writer wishes to say, and as 
earnestly as language can convey his meaning, that 
in twenty-seven years after being engaged in construc- 
ting engineering works and in association with engi- 
neers from the lowest to the highest, he knows that 
the best equipment, not only for life but for the 
grand profession of engineering, is a liberal education, 
such as only the best colleges can give*; after that, 
the special professional course in the higher studies 
and the special training of our best professional 
s:*liools. 
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A few weeks since, a young man who was graduated 
only three years ago with the degree of Civil Engi* 
Beer fix)m one of our best colleges lamented that 
he had not taken the degree of Bachelor of Arts, 
and later his professional degree by a post-graduate 
course. He has found himself already handicapped, 
his mental vision limited, his powers too restricted 
for the professional work in hand, and still more as a 

The men who become great specialists attain the 
highest success if they have had the broadest possible 
training. They then have the more comprehensive 
grasp and the more complete mastery of the subject. 

MefnJUd power is the essential requirement td the 
greatest usefulness in life, and yet, after all, chara4ier 
is the real true ideal of life. 

A narrow education and lack of the best mental 
training weakens character. 

We have no right to sacrifice this noble character, 
possible to us all, this true and harmonious devel- 
opment of the ideal man, for gain of riches or of 
rank. 

In weighing and deciding the important question 
whether you will take a special course now, or first a 
Uberal one and then a special one, let not the false 
notion that you will gain time by the former method 
influence you. From a pretty intimate knowledge ot 
broadly and narrowly educated men, the writer can 
assure you, that the young man who adopts the course 
recommended, and takes three, even four years more 
than you, of study in the schools, will distance you in 
less than five years if he is of equal natural ability. 
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Many times in the last twenty-seven years has the 
writer been supremely happy in the fact that he took 
the degree of Bachelor of Arts from his Alma Mater, 
Brown University. He has had with him during all 
these years, and from the very first plunge into pro- 
fessional work in 1868, an abiding faith in his mental 
powers and training, to master any problem forced 
upon him in the line of professional work. 

The writer was glad to testify to this training and 
discipline of his four years course in college, when, 
last summer, he was invited to speak to the alumni 
of Brown, there to acknowledge that his right to ac- 
cept the degree of Doctor of Science, then conferred 
upon him in recognition of work done in his profes- 
sion, was the direct outcome of sound mental training 
that years ago was given him within the walls of that 
university. 

Impressed with the great need of an education for 
engineers higher than is usually obtained by them, 
the writer has for many years been very desirous of 
seeing a great college of engineering established in 
connection with some one or more of our best uni- 
versities. 

This desire was so strong that he was impelled to 
write an urgent letter to the projectors of the Uni- 
versity of Chicago, about the time of its incorporation 
and founding, urging the inception at least of a great 
engineering college, one principal object and work of 
which should be the education of men for engineers, 
who have graduated from that University, or from 
some other college of high rank, in the courses of 
liberal arts and Uterature. 



THE TWENTIETH CENTURY CIVIL ENGINEER. 209 

Probably either the earnestness of the letter, or the 
reasonableness of the views, or the approval of the 
suggestions by the projectors of the Chicago Univer- 
sity, led them to select the writer as one of its Trus- 
tees, by means of which position he hopes yet to ac- 
complish the great object he has undertaken. 

These remarks made largely to the educators will, 
it is most earnestly hoped, reach through them the 
young men whom they are training and leading year 
by year into the rich fields of engineering. 

The civil engineer, and in that term are included all 
engineers except military, and even they, in our coun- 
try, in this time of peace, are really civil engineers — 
the Civil Engineer of the Twentieth Century must be 
equal to the demands upon him as a professional and 
as a man. In our time, our Nineteenth Century, we 
have laid the foundations for great achievements in 
the Twentieth Century. 

The locomotive, steamship, telegraph, ocean cable 
and electric motor have had their birth. The great 
sources of power in Nature have been usefully directed 
to man's benefit. Who can predict the developments 
in the directing of these natural forces in the coming 
century ? 

Again the strong and increasing tendency intellec- 
tually is towards higher, broader, deeper culture. The 
Twentieth Century will go far beyond the Nineteenth 
in this respect. The civil engineer should not only be 
abreast of the times professionally ; he should, inspired 
with the grandeur and usefulness to man of his profes- 
sion, aspire to reach the top intellectually, and in 
manhood and citizenship be equal to any. " Be 
strong and show thyself a man." 
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Discussion. 

Prop. Mansfield Mekriman wished to endorse, 
from one of the results of his own experience, the 
main idea conveyed to us in this very interesting paper. 
It was probably the case in all engineering colleges, 
that students came from other institutions prepared to 
enter the sophomore year or the junior year by passr 
ing off the previous subjects in the course. Some of 
these students were graduates of other institutions, and 
thus had completed certain courses of study. It was 
the speaker's experience that of all such students who 
had come to the institution with which he was con- 
nected, those best prepared were the graduates of classi- 
cal institutions. By a little hard work they were able 
to enter at the middle of the course ; they knew how 
to study, had an earnestness of purpose and a high 
appreciation of the application of principles of tech- 
nical education ; and after graduation, as engineers, 
they took at once a rank in their profession which was 
certainly very gratifying. 

Prof. John B. Johnson wished to add his belief in 
the same views and to draw this distinction : While 
many probably agreed that at the end of four years 
in an engineering college, it would be better for the 
average student to go into practice than to study an- 
other year in the college, yet this was a different prop- 
osition. In that case he believed that four years are 
better than five. The student would do better to leave 
the technical college and get into practical work, 
than to continue longer studying the theoretical prin- 
ciples of engineering ; but this proposition should not 
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be confused with that advanced in the paper, which 
was to take six or seven years of scholastic training, 
ending finally with the engineering course. This was 
a very different proposition from that which would 
keep him a longer time on purely technical work. 

Prop. Gaetano Lanza said, in regard to college 
graduates in engineering, drawing from his own ex- 
perience, that he had in mind some students who had 
taken the college course first who had done very good 
work, but he had in mind others of that class who 
were very poor students. It did not seem that what 
a few men had accomplished in after life should war- 
rant such sweeping statements as those made by Mr. 
Corthell. In talking about civil engineers and me- 
chanical engineers, the results of Mr. Corthell seemed 
to be equally apphcable to all engineers, for the mo- 
ment a man came to be responsible for large problems, 
it was difficult to assert that he was a civil engineer 
rather than a mechanical engineer, or a mechanical 
engineer rather than a civil engineer, and either term 
really denotes a general engineer. 

Mr. William Kent claimed the fact that college grad- 
uates became better students than the ordinary man who 
had not taken a college course might be the result of ac- 
cident. If Prof. Merriman would look over the ages and 
characteristics of the college man, he would find, possi- 
bly, that the college graduates were generally older than 
the average student and that they came to the engi- 
neering course from a deUberate choice, knowing 
what they were after. But this condition, perhaps, 
might just as well be found where young men had 
not had a college training, but had received a business 
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training. Generally speaking, that engineering stu- 
dent would be to a certain extent the best, who went 
into the school the latest in life, no matter what his 
previous training had been. The evidence did not 
appear strong enough yet to say that the best training 
for a man was for him to take the A. B. degree first. 
It was largely because the college man was older and 
knew better what he was about, that he succeeded well 
in the engineering couxse. 

Prof. William G. Raymond thought that we also 
should remember what Professor Marvin said yester- 
day, that the engineer is a man. 



A COURSE OF STUDY IN PHYSICS. 

BY CARL L. MEES, 
Profewor of Physics, Rose Polytechnio Institute, Teire Haute, Ind. 

When requested by your energetic and active secre- 
tary to briefly outline a course in Physics for engineer- 
ing students and discuss the same, the writer some- 
what rashly accepted. The difficulty of presenting 
the subject in a general manner, and not only from 
the standpoint of the needs of and the adaptability to 
the institution with which he is connected, did not 
impress itself upon him until the matter was given 
some thought. The writer does not know whether 
he can formulate a course and discuss it so that it 
may be appUcable to the several institutions here rep- 
resented, each one of which must possess peculiarities 
to some extent characteristic of it ; it would be unfor- 
tunate if such were not the case and all were cast into 
the same mould. Such individualities will depend 
upon location, environment, endowment, character of 
teacher and student. 

The details of a course of study in any department 
must adapt themselves to these influencing cals in or- 
der to be honestly and successfully carried out For in- 
stance, in an institution drawing its students almost 
entirely from within the borders of its own State, with 
a strong influence in shaping the preparatory work, 
or one having its own preparatory department, the 
time allotted a subject and the manner of treatment 
may be entirely different from that required in an- 
other institution whose students come from all States 
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and Territories. As this paper is to be confined to 
the consideration of the work to be done in the engi- 
neering college, this difficulty forcibly presents itself. 

Physics is taught in every high school and prepara- 
tory school in the country, and taught in nearly as 
many ways as there are schools ; the utihzation of the 
fruits of such instruction in a class composed of stu- 
dents representing all these grades and building a 
course upon them is certainly a vexing question, an 
almost hopeless task. 

It will be assumed then, though it may be a little 
rash, that upon entrance, students have had some use- 
ful instruction in physics represented in amount and 
character by one of the better American text-books, 
with a Uttle qualitative laboratory practice. 

Having disposed of this difficulty in the discussion, 
we are confronted at once with the question, "What 
shall we compass under physics in the engineering col- 
lege?" Until within a comparatively few years, phys- 
ics was defined as the study of matter, its properties, 
relations, and the causes affecting it without change of 
composition ; considered usually under seven distinct 
heads : properties of matter, phenomena and laws of 
mass motion, sometimes called mechanics or dynamics ; 
sound ; Ught ; heat ; magnetism and electricity. In re- 
cent years it is defined as an exposition of the phe- 
nomena of nature which involve the associated energj^, 
without the rigid divisions into the distinct subjects of 
the first definition. Taking the latter definition as 
being more correct, physics becomes essentially a dy- 
namical study in so far as its principles are concerned. 
In most engineering colleges, dynamics, so called, is 
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taught entirely in the mathematical department ; in 
consequence it is found that the student in engineer- 
ing as well as in physics, when so taught, is unpracticed 
in the appHcation of dynamical principles to concrete 
physical problems; given fundamental equations, he 
may be able to apply mathematical analysis mechanic- 
ally, but, hke the young essayist, never knows how to 
begin and for that matter frequently does not under- 
stand or even find the end. 

I quote firom the preface to Thomson and Tait's 
Natural Philosophy: "Nothing can be more fatal to 
progress than a too confident reliance on mathematical 
symbols ; for the student is only too apt to take the 
easier course and consider the formula, and not the fact, 
as the physical reality." 

The writer contends then that dynamics should be 
taught largely as a portion of physics ; be taught by a 
physicist, who, of course, must be thoroughly capable 
in mathematics. The subject of kinematics may have 
to be briefly taken up as introductory to dynamics, 
though it really belongs to mathematics and should 
be left there. 

. Elementary dynamics may well be begun in the 
Freshman class and substantial progress made, even 
though the mathematical knowledge of the student 
be very elementary. The study in physics, including 
dynamics, being strictly quantitative, the greatest care 
should be exercised to be accurate in terminology, 
definitions and the use of units. A careful discussion 
of units and measures should be taken up in the 
simplest form. There is comparatively Uttle difficulty 
in this matter of units and measures, if the instruc- 
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tion from the beginning be rigorous and logical ; 
though from existing conftision it would seem to be 
one of the most troublesome. As long as we deal with 
kinetics we should adhere strictly to the kinetic unit 
and avoid the ambiguous terms weight and weighing. 
The constant adherence to one system until the stu- 
dent understands the formation of derived units, di- 
mensional equations, and the conversion of the nu- 
merical value of a quantity measured in terms of one 
unit into the numerical value measured in another 
unit of the same order, and can certainly handle it, is 
of vital importance. Let it be emphasized here that 
conversion factors are but coefficients of the numbers 
expressing quantities ; it will be safer, perhaps, never to 
write them as symbols. 

When statics is first taken up the same system is to 
be used until the principles are thoroughly under- 
stood ; at this time the gravitation units, as more com- 
monly used, may be taken up and the consideration 
of the theory of units farther elaborated. 

The writer believes, however, that it will be better 
to finally set at rest the old gravitation system where 
the unit of mass is derived and the force unit funda- 
mental. Upon the whole, it is believed that greater 
confusion arises from this than taking the force unit 
in the gravitation system as an independent unit, re- 
taining the ordinary mass unit, and merely convert- 
ing from one unit system to the other by conversion 
factors. In this connection the writer would also pro- 
test against the perpetuation of the practice of using 
the same name or form of expression for widely dif- 
ferent things. Unfortunately a few such names have 
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been engrafted so deeply that they can probably never 
be gotten rid of ; but there seems to be no reason why 
others more recently introduced should not be dropped ; 
certainly there is no excuse for adding such, and in- 
creasing existing confusion and bad practice. Per- 
haps this topic has been dwelt upon too long, yet the 
deplorable liberty which is taken in manufacturing 
imits and defining, or rather attempting to define 
them, is a serious cause of trouble to teacher and stu- 
dent. The writer regrets to say that engineers are 
among the most grievous sinners in this respect. The 
diversity of units employed, looseness of nomencla- 
ture, mixing of different systems in one problem or 
article is most troublesome. 

Especially among journal contributors and men 
long divorced fix)m experimental investigation, we find 
an almost fiendish ingenuity in inventing absurd meas- 
ures and hashing all possible units in one mess. It is 
not expected nor desired to revolutionize the system 
of units as used by the best engineers. It is not ex- 
pected to force upon them the safer kinetic system, for 
the gravitation units are in statics more convenient, 
but it is to be insisted upon that instruction given our 
young men should impress them with the necessity 
of being accurate in nomenclature, the uselessness of 
indefinite multiplication of units because of fancied 
convenience, and the pemiciousness of using the same 
name or expression for widely different things. 

In the Freshman class the first instruction in 
physics is to be in sound dynamics. The energy 
concept should be introduced gradually and not too 
early ; it is rather difficult and a friendship of slow 
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growth is most secure. This course should be accom- 
panied by experimental demonstrations, thus bring- 
ing in elementary mechanics; it should be made a 
physical reaUty, not a mere mathematical concept. 
It should be made to include mechanics of fluids in so 
far as a few elementary propositions are concerned. 
Not less than about thirty-five hours should be given 
to the dynamics. 

The elementary phenomena of heat, light and elec- 
tricity may occupy fifteen hours of the total fifty given 
to physics, including dynamics, in the Freshman year. 
This work is considered as preparatory largely to the 
dynamics in the higher classes, and to chemisby. 

Dynamics should continue throughout the Sopho- 
more year, when more difficult subjects not touched 
upon in the Freshman course are to be taken up. 
Problems of impact, collision, central forces, harmonic 
motion, should be very thoroughly treated ; the rudi- 
ments of potential and a fuller discussion of energy may 
follow. In connection with all these, experimental il- 
lustrations are most valuable. Not less than two 
hours per week for the entire year should be given to 
the subject In the Junior year the student has a fair 
working knowledge of the calculus and is prepared to 
take up the study of physics and dynamics analyti- 
cally. Dynamics wiU, therefore, be continued. It 
may now, perhaps, be turned over either to the mathe- 
matical or engineering department, as there will be no 
longer danger of looking upon it as a purely mathe- 
matical study ; for at this time it is proper to take up, 
parallel with d\TiamicSs that which is more commonly 
known as phj^cs, that is, molecular physics and ether 
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physics, beginning with a brief discussion of elasticity, 
viscosity, rigidity, surface conditions, surface tension, 
capillarity, diffusion, and a brief discussion of the 
kinetic theory of gases. 

These phenomena should be illustrated and the 
principles discussed, as far as possible, dynamically. 
All the time, and this applies to the introductory 
course in dynamics as well, the writer would empha- 
size the value of the solution of problems by students, 
to be returned to the professor for examination and 
not for shelving. The problems should be selected so as 
to be illustrative of principles and general methods of 
attack, formulated to be real, as it were, and not purely 
ideal. It is not difficult to so construct such pro- 
blems that the student may have an interest in the 
actual result obtained and not merely in the correct 
solution. Numerical values and constants may be thus 
stored in the student's mind almost unconsciously, 
forming a rich fund of information for future use. 
There is probably no better means of stimulating ac- 
curacy than by making the examples real. We are 
tempted to overlook numerical errors in a student's 
work if only his method be correct ; or reminding our- 
selves that in practice an error of this character may 
be most serious, we may for a time go to the other ex- 
treme and weigh such mistakes too heavily. 

In grading problems it is proper to consider that if 
the example set the student is made a mere exercise, 
he will look upon it as of little consequence (like the 
practice before the ball game where a "muff" counts 
for little). 

Scarce a recitation should pass without its problem 
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set, to act as a nail to fasten the principle discussed. 

The study of the phenomena of sound may be brief; 
harmonic motion having been thoroughly treated in 
dynamics the equations, etc., are at once available here; 
velocity of transmission of waves, reflection, interfer- 
ence, Fourier curves, etc., should be old friends. The 
consideration of vibration of plates, membranes, rods, 
fluid columns, will be readily and briefly treated and 
illustrated. Pitch, intervals, overtones and harmonics, 
in so far as they may be used in physical measure- 
ments and in telephony, will be readily treated of in 
a fewlessons. Doppler's principle and resonance must 
be more carefully studied ; in connection with sound 
this is most conveniently done as offering the readiest 
experimental illustrations. 

The order in which the remaining subjects are to 
be considered is of comparatively little importance ; 
as a matter of convenience and logical connection, per- 
haps, the phenomena and theory of heat can be taken 
next. Then .may come the study of expansion, defi- 
nition and careful discussion of the relations of tem- 
perature and heat, the first law of thermodynamics be- 
ing made fundamental. The foundation may be here 
laid for the second law of thermodynamics, to be ad- 
ministered in small repeated doses until the student 
is saturated and can bear at a later stage a heroic ad- 
ministration. Specific heat and change of state can 
not be too carefully discussed and rigorously treated. 

Conduction and convection may be briefly discussed, 
the practical application in each case to be given prin- 
cipally in the form of examples. 

Radiant energy will thus be led up to, and can best 
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be treated as a whole ; linear propagation, reflection, 
refraction, single and double, polarization, etc., may 
be treated dynamically; and dispersion, diffraction, 
interference, phosphorescence and fluorescence are not 
to be omitted. This treatment may be made to cover 
both light and heat. 

The discussion of mirrors, lenses, and optical instru- 
ments in general, may receive geometric treatment 
as being most convenient and useful in ordinary prob- 
lems. 

Electricity and electrostatics are to be briefly consid- 
ered, including capacity, condensers, etc., the latter to 
be more carefully treated, giving attention to magne- 
tism, current electricity and theory of measurements in 
each. The whole subject, as far as possible, should be 
treated from% the dynamical point of view, as stresses 
and strains, in media and transmission of energy 
through them, thus not fixing the attention merely 
upon the conductors, but duly recognizing the impor- 
tance of work done upon the medium, and of the re- 
turn of energy from the medium, under proper con- 
ditions. This will naturally lead to the consideration 
of electric oscillations, etc. 

In the electrical engineering course and in problems, 
the device of treating electrical currents as currents of 
fluids is admissible just as is geometric treatment in 
optics. 

The writer would not spend a great deal of time on 
the elaborate description of many special forms of ap- 
paratus, unless this be necessary to lay the foundation 
for the use of results in discussing principles. 

The time allotted to this course should be not less 
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than one hundred and fifty hours, divided about as 
follows : fifteen, properties of matter ; ten, sound ; fifty, 
heat ; twenty-five, light ; fifty, electricity. 

Laboratory work in physics should come towards 
the close of the course, when the principles are under- 
stood and all the training in mathematics has become 
available. The writer would, therefore, put it into the 
senior year, or certainly not begin it until the latter 
portion of the junior year. The work in the physical 
laboratory at this stage is to be quantitative, and after 
a certain expertness in manipulation has been acquired, 
investigational. It will have much in common with 
the engineering laboratory work ; it will, therefore, be 
unnecessary to consider cei^tain subjects in more than 
one department, if there exists a proper understanding 
between the departments. The investigation of proper- 
ties of solids, moduli, etc., will be left to the engineering 
laboratory. 

Certain preliminary discussions upon the art of ex- 
perimentation should be given in the form of lectures, 
which may be given in either laboratory. A few of 
these are believed to be not sufficiently emphasized 
in many cases. The necessity for honesty in obtaining 
results is undoubtedly brought to the notice of stu- 
dents ; there remains, however, a residuum we may call 
it, of human nature, generally most pronounced in 
the enthusiast, giving an unconscious bias towards 
reading indications alike, if they should be so ; of 
bringing results out, or interpreting them to suit their 
notions or knowledge of what they should be ; this 
should be impressed upon the student. The necessity 
of varying the conditions in experimentation, so that 
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the final result can not be inferred before calculation, 
is important. 

Second. The discussion of degrees of precision neces- 
sary in each step or part of the experiment to secure 
equal effects upon the result is often neglected. The 
unnecessary refinement in one step of an experiment is 
useless, though so very oft;en made the triumphal point 
in an investigation. IntelUgent recording of results 
and so arranging them as to enable one having some 
knowledge of the subject to understand the method 
and results and to judge of their value, seem almost 
a lost art ; it should be again practiced. 

Methods of computation, approximation, etc., will, 
of course, be presented. These will constitute lecture 
subjects introductory to the laboratory practice. The 
necessity for long blocks of laboratory time need not 
be dwelt upon. It is assumed that no one would give 
less than three consecutive hours to this work. 

The first exercises will be in simple measurements ; 
these, however, should be made upon objects such 
that the resulte may be used in future experiments. 
The same t^it of human nature appears here which 
we find elsewhere and should be taken advantage of. 
A student will walk five miles on some pleasure trip, get 
over the ground quicker, better, and in more cheerful 
frame of mind, than if ordered to walk five miles for 
his health by his physician, and he will still get the ex- 
ercise. Experiments or measures merely for practice do 
not stimulate the student. The same thing is to be meas- 
ured by as many different methods as possible, the re- 
sults compared, and the peculiarities and merits of 
different methods discussed. Thus a radius of curva- 
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ture may be measured by different types of sphero- 
meter, optical lever, reflection, etc., until the thing to 
be measured has been thoroughly worked up. The 
division of laboratory exercises according to the subjects 
as usually classified in books seems to be unnecessary. 
If a thing is to be measured, let it be done in a variety 
of ways; that we jump from the mechanical to 
optical, then to electrical methods in the first few les- 
sons, matters not, for the principles have been studied 
in the class room. 

The laboratory equipment of an engineering college 
should be principally in the direction of measuring 
instruments ; display apparatus for brilliant qualita- 
tive lecture demonstrations or amusing laboratory ex- 
periments is of secondary importance. Apparatus 
labelled " The Largest Electrical Machine in the Coun- 
try," the Most Magnificent Collection of Geissler 
Tubes," " A Large Air Pump from the Paris Exposi- 
tion," etc., have no important place in the physical 
laboratory of an engineering college. It is like one 
boasting of the possession of a nickel-plated spade and 
barren fiower beds, or of fine Royal Worcester ware on 
the dining-room sideboard, with Uttle to eat. 

The preliminary exercises must necesi^arily be 
similar for all students, as they are lessons in the 
use of took and in acquiring a certain expertness. 
Probably not more than one-third of the whole 
time need be given to this work. An observer skilled 
in the use of comparator, spherometer, dividing 
engine, balances, observation by telescope, having 
some expertness in handling glass, making fibre sus- 
pension, etc., will soon acquije skill in the use of any 
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device required in the attack of any special problem. 

These preliminary exercises having been completed, 
there come next problems requirin| the planning of 
the manner of attack, the assembling and adjustment 
and, if necessary, the construction of apparatus, the 
difficulty of the problem corresponding to the ability 
of the section (a section not to consist of more than three 
students). The putting of each student through a fixed 
and set series of two or three hundred problems, with 
apparatus all prepared and adjusted, the method of pro- 
cedure carefully detailed in printed instructions, does 
not give the bit results in instruction. It seems too 
much like the procedure of the well known advertise- 
ment, " You push the button; we do the rest." The 
result is too often a roll of foggy pictures. By the set- 
ting of problems, usually original, fewer experiments 
may be recorded in the note-books, many pages of 
results may have been rejected, but, upon the whole, 
more good will have been accomplished. 

No attempt will be made to detail experiments to 
be performed, for it is assumed that a physicist is in 
'charge of the work ; but reference will be made to the 
general plan. In an engineering college the exercises 
may be so selected as to bear more or less directly 
upon the future profession of the student, though this 
is not considered essential. 

A trained, honest experimenter will feel more or 
less at home in any branch of experimental investi- 
gation if he understand the problem to be attacked. 
For students who do not take the more extended elec- 
trical laboratory work in connection with electrical 
engineering, the physical laboratory work may be di- 



226 A (X)URSE IN PHYSICS. 

rected more towards that class of problems and meas- 
urements. 

For physical laboratory there should be set aside no 
less than six hours per week during the year. 

To recapitulate, then, dynamics is fundamental, and a 
large part should be taught in the department of phys- 
ics. Instruction should begin in the Freshman class, 
35 dynamics and 15 Hght, heat and electricity. Sopho- 
more, dynamics 75. Junior, dynamics 75. Physics, 
molecular and atomic, 150. Senior laboratory, 250. 

Discussion. 

Prof. J. Galbraith beUeved that the physical 
laboratory should hold an important place in the educa- 
tion of engineers. In the physical laboratory where the 
apparatus is small, and where a great deal of useful 
work can be done in a short time, a student can 
be trained in all the principles of measurement and in 
habits of accuracy and precision. He was glad to see 
that Professor Mees makes instruction in dynamics the 
basis of his teaching in physics. A great deal of the 
older physics is of Httle value educationally or sci- 
entifically, on account of the neglect of dynamics. 

Prof. Mansfield Merriman remarked that this 
very interesting paper had raised a multitude of ques- 
tions, to the consideration of which a whole day might 
easily be devoted. However, the time was so short 
he could speak of only one point, which he would 
introduce by telUng a story, a true one, of an occur- 
rence which took place, he thought, within 100 or 
200 miles of Springfield. The Professor of Physics, 
shortly after his appointment, came to the Professor of 
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Civil Engineering and told him that he (the Professor 
of Physics) had studied at Johns Hopkins, Leipsic 
and Berlin, and that he was satisfied that teaching 
students to express pressures in pounds per square inch 
was all wrong. The Professor of Civil Engineering 
was slightly astonished and asked how the pressure 
in a steam boiler should be expressed. The Professor 
of Physics replied that, undoubtedly, poundcds per 
square inch was the only true way ! Now it seemed 
to the speaker that the absolute system is a proper 
one in an advanced theoretical course, but to arrange 
the elementary course in the way in which Prof Mees 
has done, and then with the very first problem to use 
gravitation measures, is introducing confusion at 
the beginning. The true method in education is 
from the simple to the complex. The gravitation 
units of force, as used by engineers, are simpler than 
the kinetic or absolute units, used by physicists, and 
hence should come first in mechanics. 

Prof. Mees wished to ask if the mass units are 
ever used. 

Prof. Merriman said that ^engineers seldom use 
the pound as the mass unit. 

Prof. Mees asked what is used for the mass unit 
in examples. 

Prof. Merriman replied that engineers do not 
trouble themselves about mass. 

Prop. Mees then inquired as to heaviness, whether 
mass does not enter into that. 

Prop. Merriman replied that mass may enter in- 
to it, but it is not necessary to talk about "mass." 
The engineer deals with stresses or forces and com- 
pares these in all cases with the force of gravity. 
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Prof. Mees referred to the swinging bridge prob- 
lem, and further remarked that it is generally sup- 
posed that our knowledge of gravitational force asso- 
ciated with mass is the most general. In other words, 
more is known about force as a muscular sense of 
stress due to the action of gravitational force on mat- 
ter. He beheved that the inertia property of matter 
is really more generally appreciated than the gravita- 
tional eflfort. In case of a colhsion with a man on a 
wheel it is more important to know how heavy he 
is than how hard he is pulled to the earth. 

Prof. Albert Kingsbury spoke in the same 
direction which Professor Mees had just taken. 
It did not seem to him that the statement made by 
Professor Merriman was quite true, that the gravita- 
tion question is the simple one to begin with. In 
the consideration of centrifugal force, for instance, the 
quantity g enters into the expression of mass, and 
that quantity, occurring in that place, is the thing 
which troubled engineers more than any other thing 
in the whole formula. He remembered reading, in 
one of the engineering papers, a note from a gentle- 
man asking light on this point. His boy could not 
see what the "blooming gf" had to do with it, and for 
explanation it was necessary to go back to the really 
simple primary notions of mass and force which were 
laid down in most of the text-books in physics. The 
only way to explain the apparently simple thing is 
to go back to the apparently complex thing ; which 
is in reahty the simple way to explain the matter. 
It seemed to him that this is the way to begin the 
study of dynamics. 
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BY R. S. WOODWARD, 
Prof eteor of Mechanios, Ck>luinbia University New York. 

The problems which most frequently confront the 
engineer in the practice of his profession depend for 
their solution on a successful answer to the question, 
" How may we secure the requisite eificiency at the 
minimum cost?" But the problem assigned by our 
Secretary to the writer in this symposium is of a 
more complex character. The science of mechanics 
is more than twenty centuries old. It holds a posi- 
tion second only to mathematics amongst the funda- 
mental studies of a course in engineering. It has a 
voluminous literature, and its applications are coex- 
tensive with the material universe. It is a science, 
moreover, which requires a rather high degree of 
mental concentration for due appreciation of its prin- 
ciples and applications. To the purely mathematical 
difficulties which lie in the way of an easy mastery of 
mechanical ideas, there are added the difficulty en- 
coimtered in gaining correct concepts of matter and 
motion, as well as the difficulty of dissipating the 
metaphysical fog which, by inheritance, surrounds the 
all-important term force. The solution of my prob- 
lem, therefore, depends on a successful answer to the 
question, " How may we secure the maximum effi- 
ciency for engineers in the study of formal mechanics 
during the minimum time of perhaps fifty to one 
hundred class-room hours available for such study 
in our undergraduate courses?" 

17 (229) 
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It is unnecessary here to discuss the relative merits 
of the analytic and synthetic methods of presenting 
the principles of mechanics. It will hardly be dis- 
puted that the shortest route to a sound knowledge of 
mechanics is by way of the analytic method. Nor is it 
essential to consider at any length the question of ade- 
quate mathematical preparation; for it seems to be 
generally admitted that an elementary knowledge of 
the differential and integral calculus is now an indis- 
pensable preUminary. 

Assuming then that analytical mechanics is the 
subject of study, and that our students are fairly fa- 
miliar with their chief instrument of research, the 
calculus, let us proceed to enumerate the chief divi- 
sions of the science and those salient principles on 
which attention should be concentrated. 

For more than a hundred years, or since the publi- 
cation of the great treatise of Lagrange, the M6canique 
Analytique, mechanics has been divided into two de- 
partments called statics and djnaamics respectively; 
and these have usually been treated in the order 
named. This may be called the historical division 
and order of presentation. More recently a third di- 
vision, kinematics, or the geometry of pure motion, 
has been added to the others. Still more recently, 
following the lead of Thomson and Tait in their great 
work on Natural Philosophy, there is noticeable a de- 
cided tendency to divide mechanics into kinematics 
and dynamics, the latter term being used to designate 
the philosophy of forces. In this case dynamics is 
divided into two parts called statics and kinetics re- 
spectively, statics designating the relations of forces 



A COURSE IN MECHANICS. 231 

which produce relative rest of the masses involved, and 
kinetics the relations of forces which produce relative 
motion of masses involved. 

In presenting a new and difficult science to stu- 
dents, the historical order of the development of its 
principles is, in general, the best order to follow. Me- 
chanics seems to aflford no exception to this rule. The 
elementary principles of statics are certainly easier of 
appreciation than the elementary principles of dy- 
namics, though one must admit that the latter prin- 
ciples are essential to a profound knowledge of the 
former. Without attaching any permanent impor- 
tance to it, the following order of treatment of me- 
chanics seems to me at present to be most advanta- 
geous, namely: (1), Principles of Statics ; (2), Prin- 
ciples of Kinematics; (3), Principles of Kinetics. 
This, it will be observed, is the order adopted by Ran- 
kine in his Applied Mechanics. I have, however, 
substituted the term kinetics for the term dynamics 
used by Rankine.* 

Supposing this to be the order of division and study 
of our science, let us consider, first, the subject-mat- 
ter of Statics. Statics, as is well known, may be 
approached in various ways. For the purposes of the 
engineer the writer knows of no better presentation 
than that given by Rankine in his Applied Mechan- 
ics, which he has used chiefly as a text in his limited 
experience as teacher of prospective engineei-s. This, 



* Nearly equally advantageous and certainly more logical, is the order 
adopted by Thomson and Tait in their Natural Philosophy, namely : Kine- 
matics and Dynamics, the latter being divided into Statics and Kinetics. 
This order seems the one most likely of general adoption in the near future. 
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however, like all of Rankine's work, needs to be sup- 
plemented by a good deal of explanation and elabora- 
tion ; but the methods and principles employed, wheji 
duly understood, seem admirably adapted to the needs 
of the engineer. The argument proceeds from the 
familiar Archimedean principle of the lever. Almost 
everyone has a clear appreciation of this principle as 
exhibited in the handspike, the crowbar, the steel- 
yards, etc.; and the theory of equihbrium in all its 
elementary phases follows naturally and easily. 

It is the business of the successful teacher of a diffi- 
cult science to direct the attention of his pupils to the 
fewest facts essential to a working knowledge of the 
subject. If asked to enumerate these facts for statics 
the writer would say that they may be reduced to one, 
namely, to the simple fact that the number of condi- 
tions of equilibrium is, in general, six. When the 
student duly appreciates this fact the analytical ma- 
chinery of statics is easily supplied and appUed. When 
properly interpreted, also, as in d'Alembert's principle, 
this fact affords the key to the solution of all dynam- 
ical questions. Hence we may regard it as the most 
important single fact in mechanics, and diligent ef- 
forts should be made to get it firmly fixed in the 
mind. A clear apprehension of this fact is especially 
important to the engineer, who should be able to take 
a comprehensive view of mechanical questions, and 
not limit his thoughts to the effects of coplanar forces. 

In the way of applications of the principles of 
statics it is essential that the student should work out 
in detail a considerable number of typical examples. 
Some, if not all, of these should be numerical, since 
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formulas are rarely understood fully until they are 
put to the test of numbers. Of applications in an 
elementary course specially usefal to the engineers, the 
writer knows of nothing better than the chapter on 
" Distributed Forces " in Rankine's Applied Mechan- 
ics, provided always that the student can have the aid 
of adequate explanation. This chapter gives a good 
presentation of the theory of stress, which lies at the 
foundation of the theory of elasticity and the theory 
of fluids. 

Passing to the second division of our subject, namely, 
Kinematics, it is assumed that few words are needed 
to dispose of it. It appears advantageous, however, 
in an elementary course, to devote a few days to the 
study of pure motion, or motion divested of the com- 
plications introduced by mass. The ground to be 
covered in such a course is pretty satisfactorily indi- 
cated in Part III. of Rankine's standard work already 
referred to. The catch words to the principles involved 
are position, velocity and acceleration. The meanings of 
these are easily learned, and readily fixed in the mind 
by a few typical examples. 

We come now to a consideration of the third, and 
by far the most important division of mechanics; 
that is, Kinetics. Herein we encounter principles 
much less easily appreciated than those of statics and 
kinematics. The student must not only withstand 
the shock which comes with the notion of the conser- 
vation of mass and the relativity of position and 
velocity, but he must in general revise his early 
impressions of the laws of motion of masses. 
Our average student, as well the educated public 
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labors under the delusion that Newton deduced his 
laws of motion, whereas he discovered them in the 
same sense that he discovered the law of gravitation. 
The first step then is often the painful one of disillu- 
sionment, and the student is apt to feel, as one once 
remarked to me, a sense of insecurity. But this disil- 
lusionment, accompanied often by a brief period of 
doubt and vexation, is an essential preliminary to 
clear and correct notions in kinetics. 

Having appealed to the student's experience for 
justification of the fact of conservation of mass, and 
having brought him to a realization of the fact that 
he is working by a compound process of induction 
and deduction, it is preferable to introduce him at 
once to what may be called the fundamental equation 
of kinetics, namely : 

F{t,—t,) = M{v,—v,). (1) 

This may be said to express a hypothetical relation 
between a fi*ee mass M, a constant force F, the time of 
action {t^ — ti), of F on M, and the resulting rectilinear 
change in velocity ('^2— ^^i)? in Jlf ; or briefly, when the 
units are properly chosen, the product of the force 
into the time of its action equals the product of the 
mass into the change of its velocity. If this equa- 
tion holds true for a constant force, the modified form 

leads at once to the conclusion that 

F=.M ^^=M^ (2) 
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holds for all cases. We thus have the general equa- 
tion of motion of a free particle M, under the action 
of a force F (constant or variable), and we come upon 
a definition of force in terms of mass and acceleration, 
or in terms of length, mass, and time. 

With equation (2) available, we may proceed to dis- 
cuss various simple cases Uke that of falling bodies, 
the simple pendulum, the vibration of springs, etc., 
whereon observations may be made to test the validity 
of the hjrpothesis (1). Thus the student will become 
convinced of the correctness of the relations (1) and 
(2), and his security will be easily fortified by the 
wider inductions which may be drawn from the pre- 
cise measurements of geodesy and astronomy. 

The time and space integrals of equation (2) are 

M'^^=Mv=fFdi, (3) 

and lM{^t)= lMi^=fFd3, (4) 

respectively ; and these introduce four new quantities, 
namely, momentum, impulse, kinetic energy, and 
work. 

At this stage of proceedings the theory of dimen- 
sions should be introduced. This theory is due to 
Joseph Fourier, and was first stated in his TMorie 
aifialytiqiie de la chaleur, published about seventy- 
five years ago. It was revived by Maxwell in his 
Electricity and Magnetism, published in 1873, and 
now finds a place in all our best books on physics and 
mechanics. An appreciation and use of this theory 
are of the greatest value to the student and the in- 
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vestigator. It is based on the truism that every term 
in an equation should involve the same units affected . 
by the same exponents. According to Maxwell, "A 
knowledge of the dimensions of units furnishes a test 
which ought to be appUed to equations resulting from 
any lengthened investigation." But the theory does 
much more than this for the student. It helps more 
than any device I am acquainted with, to fix the 
meanings of the terms force, momentum, kinetic 
energy, work, power, pressure, etc. In short, it is 
considered an indispensable adjunct to successful 
teachings of mechanics, and my students are required 
to make constant use of it.* 

When the concepts attaching to equation (2) have 
become famiUar, through the solution of a variety of 
problems, the advance to the specification of curvi- 
linear motion of a material particle, or the general 

* To avoid ambiguity aa to the meaning of the term dimensions as here 
nsed, I prefer, for the nse of students, to write a table of dimensions <^ me- 
chanical quantities after Fourier's plan rather than according to the plan 
now more commonly followed. Thus I would write as follows : 

TABLE OP DIMENSIONS OP UNITS WHICH ENTER INTO ME- 
CHANICAL QUANTITIES. 



Quantity 



Velocity 

Acceleration 

Momentum and Impulse 

Force 

Kinetic Energy and Work . . . . 
Power 



Unit of length 
L 



+ 1 
+ 1 

+ 1 

+ 1 
+ 2 

+ 2 



Unit of mass 
M 






+ 1 
+ 1 
H-1 
+ 1 



Unit of time 
T 



— 1 

— 2 

— 1 

— 2 

— 2 

— 3 



In the current literature of the present time, however, one would say, 
for example, the dimensions of force are L+^M+*T-*. 
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kinetics of a free or of a constrained particle, is easily 
made. Of the capital illustrations of this theory, none 
is more important to the engineer than the case of 
motion in a circle, or the theory of centrifugal force. 
Next to this, the elements of planetary motion afford 
an excellent and interesting application to which a 
few class-room hours may be devoted. It is not es- 
sential, however, to tarry long with these features in 
the lowlands of kinetics. The student should be led 
on to the tableland whence, by the aid of d'Alembert's 
equations, he may get a comprehensive view of the 
whole territory of mechanics. Generally, I beheve, 
the graduates of our engineering schools have not at- 
tained such a view, but that it is attainable and very 
desirable I am fully convinced. In my experience as 
a teacher it has been a matter of pleasant surprise to 
witness the easy grasp of d'Alembert's principle by 
students, when led up to it by means of appropriate 
concrete cases. Of these latter, masses connected by 
light strings, as in Atwood's machine, or masses con- 
nected by the convenient fiction of massless strings, 
are perhaps the best. 

Armed with the six equations of d'Alembert the 
student may advantageously make a resurvey of the 
fields passed over. He is delighted with the discovery 
that when the terms specifying acceleration of the 
masses involved are dropped from those equations, 
there remain the equations of statics, and he sees thus 
that statics is only a special case of dynamics. He 
may re-read Newton's laws, and see clearly that all 
that the first two of them assert is contained in the 
six equations of d'Alembert, and that the third law 
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was used to establish those equations. The inductive 
and deductive parts of the argument on which the 
science is founded become plainly distinguishable, 
and the student comes to realize a sense of logical 
security second only to that afforded by pure mathe- 
matics. 

To fix the meaning and use of d'Alembert's equa- 
tions properly in the mind, the solution of several 
problems is indispensable. iFor this purpose the writer 
prefers that a few examples should be worked out 
in extenso to numerical results, rather than that 
many be worked for the "answers" simply.* In 
all such exercises in kinetics pains should be taken to 
bring out the principle of work and energy and at 
least to indicate its wide range of applicability. Ade- 
quate consideration of the doctrine of energy Kes, it 
is believed, somewhat beyond the province of an ele- 
mentary course; but students may nevertheless ac- 
quire all of the concepts essential to a comprehension 
of most appUcations of this doctrine in engineering 
work. 

A question of much importance in a course in me- 
chanics, and a question much discussed in the scien- 
tific journals during the past twenty years, is that of 
units. Should we teach our prospective engineers the 
use of the absolute, or gravitational system of units, 
or should we teach both systems? My answer to this 
question is that both should be taught. Indeed the 

* Diligent effort is frequently needed to suppress the habit aoqnired in 
the primary schools, of solving problems for the benefit of the teacher, the 
only object apparently being to get something y^hich may be labelled '' ANS. " 
It is difficalt to imagine a more dreary and deadening mode of conducting 
mathematical studies. 
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ability to use both systems and to convert one into the 
other affords the best test of a knowledge of either. 
Thus, the engineer should know how to convert inch- 
pounds or kilogramme-metres into ergs, and horse 
powers into watts. 

Closely allied to this question is another which has 
also been the subject of much debate, namely, whether 
in equation (1) above we should write in the place of 
M, ^, where W represents the weight of if, and g 
the acceleration of gravity, at the earth's surface. 
Such use of ^ has the sanction of custom and has 
generally been defended by engineers. Without de- 
siring to provoke controversy on this much discussed 
topic, the writer would state that the best usage and 
the best philosophy seem to be now clearly in favor of 
abolishing the time-honored ~ from mechanics. 
At the same time, since we cannot afford to ignore the 
history of so useful and splendid a science, it is our 
duty as teachers to explain the old usage and show 
how to reconcile it with the more advanced views of 
of our time. 

In conclusion, it seems fitting to add a few words 
concerning the attitude of teacher and student with 
respect- to ojir science. Fifty years ago mechanics 
was regarded by many as a dead science, in the same 
sense that Greek and Latin were then commonly con- 
sidered dead languages. There are a few educated 
people still living, who can see nothing in mechanics 
but a compendium of logical quibbles couched in the 
dreary formalism of Euclidean statement. There are 
more who regard the science as a sort of Sphinx's mill 
whose product is as dry as mummy dust. In view of 
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these common prejudices, care must be taken to fore- 
stall any expectation on the part of the student that 
he has a "dull grind" in the study of mechanics. 
Moreover, it is to be remembered that the engineer is 
a component of society and civiHzation, as well as the 
designer of a pile driver and a mud dredge. Hence 
his humanistic nature must not be permitted to shrivel 
in the dry light of mechanical philosophy. I know 
of no better way to meet these difficulties than by the 
incorporation of the salient facts of the history of me- 
chanics along with the presentation of its formal prin- 
ciples. Thus, for example, the doctrine of the lever 
should be referred to Archimedes ; the laws of falhng 
bodies and the elements of dynamics, to Galileo ; the 
theory of the pendulum and the pendulum clock, to 
Huygens ; the parallelogram of forces, to Varignon ; 
the triangle of forces, to Lami ; the comprehensive 
statement of the laws of motion, the discovery of the 
law of gravitation, and the invention of the calculus, 
to Newton ; the foundation of analytical mechanics, 
to Euler and Maclaurin ; the first great step toward a 
unification of processes, to d' Alembert ; the perfection 
of the analytical method, to Lagrange ; etc. A brief ac- 
count of these historical facts helps much to* fix the 
ideas, and at the same time to ward off monotony, 
which is the bane of routine teaching. Other and 
higher lessons from the history of mechanics may 
also, not inappropriately, receive passing notice. The 
intellectual audacity of GaUleo, the elevating candor 
of Huygens, the profound mental integrity of New- 
ton, the extraordinary analytical capacity of Lagrange, 
the penetrating insight and lofty enthusiasm of La- 
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place, as well as the discoveries and advances made 
by these heroes in mechanics, may all be made sources 
of inspiration in the pursuit of the most arduous of 

the sciences. 

Discussion. 

Mr. William Kent said he had been exceedingly 
gratified to hear this paper and would like to ask if 
there was any text-book in which these ideas were 
laid down. 

Prof. Woodward replied that unfortunately there 
was none which seems to meet fully the requirements 
for engineers. His paper had stated that Rankine's 
work served fairly well as an outline for statics and 
kinematics, but he used it very little for kinetics, ap- 
proaching this more by lectures. 

Mr. Kent thought there were two phases as to the 
purpose of mechanics. In one phase it was a useful 
tool for the engineer ; in another a branch of the fine 
arts or a branch of metaphysics, a beautiful study 
which regarded rest as a peculiar kind of motion, and 
statics as only a particular kind of dynamics. Was 
it not much better to come right down to common 
sense and say, ''Rest is rest, and has nothing to do with 
motion?" Similarly with the -J, he wished that 
writers on mechanics would consider whether mechan- 
ics was to be used as a tool for the engineer or as a 
branch of the fine arts. 

Prof. Mendenhall was glad to express himself 
here in accordance with the conclusion reached by the 
author of the paper, in reference to the points dispu- 
ted by Mr. Kent. He had the pleasure of presenting, 
some years ago, a paper on units, in which he tried to 
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show that this ~ had done more harm than it had 
done good. He beUeved that those who were in- 
structors in mechanics and physics, those whose duty 
it was to try to get into the heads of the pupils clear 
conceptions, had felt that. He recollected that at 
that time he quoted from Lodge on this point, 
who said that his experience with students was that 
they usually look at an equation, and if they think 
that g should not be there then they put it in ; and 
if, on reflection, they thought it ought to be there 
they would be very sure to keep it out. In other 
words, when we tried to avoid that which was to 
the speaker the simplest of all factors, mass, and to 
substitute something which was certainly obscure, he 
believed it was a mistake. He desired to ask Mr. 
Kent to enlighten him and state what rest is. It was 
a simple thing to say that "rest is rest," but he would 
really be glad to know what rest is. 

Mr. Kent replied, "When a body does not change 
its place in reference to the earth or that which it 
rests upon." 

Prof. Mendenhall was disposed to think that the 
general conception of the expression ^ was very 
obscure; he therefore heartily endorsed what Prof. 
Woodward had to say on that matter. He believed 
it to be certainly one of the most important points 
developed in the paper that we should proceed along 
the lines of absolute simplicity. He did not think it 
worth while to defend the mathematicians ; they are 
old enough to take care of themselves. He thought 
they had been sUghtly slandered and hoped they 
would not be discouraged by remarks which had been 
made, in view of their splendid accomphshments. 
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Prof. Woodward felt that the view Mr. Kent took 
of the subject \vas too narrow for this time. Since 
thirty years ago the great science of electricity has 
been developed, the dynamo is now in common use, 
and considerable difficulty would be found working 
the old ideas of mechanics with the new science of 
electricity. Moreover, as hinted in his paper, it is 
our duty not to narrow studies, whether the engineer 
is to be an electrician or not. It is the teacher's 
business to give the engineer a knowledge, such that 
he can understand anything in mechanics that may 
be useful in his profession, and he believed it to be 
the experience of good teachers nowadays that the 
old system of using the -^ is objectionable. He 
should feel it a great hardship to teach djniamics by 
the old route. Whereas, if what is known as the abso- 
lute system is adopted in introducing the teaching 
of mass, force, weight, etc., there is comparatively 
little difficulty, and the students will be able to see 
what this ^ means. 

Prof. Mansfield Merriman said that in the discus- 
sion of the paper of Prof Mees on physics he had put 
himself on record as in favor of the gravitation units 
in engineering education. Now, that it had come up 
again, he would like to ask the question whether there 
is any possible way, either on this earth or on the 
sun, or anywhere in the universe, by which the value 
of M can be obtained without using the g? Are 
there any methods which an engineer or student can 
employ to obtain numerical values without using the 
force of gravity? 

Prop. Mendenhall asked how he would measure 
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them without these very standards? In practice, in 
determining the relations of these units, it is found 
most convenient to utilize the force of gravitation, but 
we may use one force at Paris, another at London, or 
anywhere else ; but this would not influence the unit 
of mass, while it would affect the weight. One stand- 
ard is made equal to another by making use of the 
equilibrium of gravity on mass. There are other 
methods, but the best is the statical method. The 
kilogramme itself is the mass of matter in that par- 
ticular thing which has been set aside in Paris, and 
has been agreed upon by about twenty of the civilized 
nations of the world to be the unit of mass, not the 
unit of weight. The United States Ofiice of Weights 
and Measures has published several bulletins, which, 
he thought, would give an explanation of this, if the 
gentleman interested would take the trouble to read 
them. 

Prof. J. Galbraith preferred the classification, 
statics, kinematics, dynamics, to that usually accepted. 
Statics is not merely degenerate dynamics, dynamics 
Avith motion left out ; mass is also left out. 

In statical problems and statical methods, forces only 
are concerned, and they are handled with equal care 
whether balanced or not. Statics has for its analogue 
kinematics, which is concerned vnth motions alone. 
Dynamics includes in addition to the ideas of statics 
and kinematics the conception of mass. Indeed it 
might be useful to extend the meaning of the term 
dynamics and define it as the science of the relations 
between forces and the consequent motions, irrespective 
of the special physical connection which may exist in 
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each case. The subdivisions would then be founded 
on the nature of the physical connection between force 
and motion. Thus under rigid dynamics, forces, 
masses and motions would be discussed ; under elastic 
dynamics, forces, coefficients of elasticity and motions, 
(deformations) ; under viscous dynamics, forces, fluid 
frictional coefficients (flow). 

He found it very convenient in blackboard work to 
distinguish between pound as a force and pound as a 
mass by writing the former pd, and the latter Ih. 

Prof. Woodward desired in closing to say that it 
seemed to him that, as a body, we ought to be pro- 
gressive, and to teach that kind of mechanics that 
would be most useful to the engineer. In regard to 
these difficulties which some one had suggested, in 
using other forms instead of y, they do not exist 
To go back to the old system which had been advo- 
cated by Trautwine, and which he was sorry to see 
had left lingering impressions here, seemed to him to 
be going backward. The object was not to recommend 
any narrow system of mechanics, but the most useful. 

18 



A COURSE IN ASTRONOMY FOR ENGINEERING 

STUDENTS. 

BY GEORGE C. CX)HSTOCE, 
ProfeBBor of Astronomy, University of Wisconsin, Madison. 

At the present time our engiileering colleges tend 
more and more strongly to technical curricula, which 
deal with professional subjects to the exclusion of non- 
professional matters, and the author of the present 
paper, approving this tendency, purposes to state here 
his conception of a brief course in spherical and prac- 
tical astronomy, as a part of the technical training of 
the future engineer. The puipose qf such a course 
should be : 

(A) To give the pupil some training in the exact 
use of instruments of precision. " His course in survey- 
ing has given the student an introduction to the use 
of such instruments, but the nature of that work and 
the circumstances under which it is done preclude the 
placing of any considerable emphasis upon precision 
of results. To demand all the accuracy which a transit 
or level can be made to furnish, is in general, bad 
surveying practice ; but only the man familiar with 
refined methods of instrumental work is competent to 
form an intelligent judgment of the manner in which 
those methods should be modified and their rigor re- 
laxed, in any given case. The course in astronomy 
therefore comes as a supplement to that in surveying, 
and the pupil should now be taught : 

(a) That it is his business in each of his problems 
to obtain from his instrument all of the precision that 
it can be made to furnish. 

( 246 ) 
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(6) He should be taught to obtain this precision 
with a minimum expenditure of care and time. The 
instinctive tendency of the student mind to execute 
every part of a given task with equal painstaking 
needs to be curbed, and the pupil taught what things 
require minute care, and what may be and ought to 
be dealt with in a summary manner. 

(c) As a subordinate matter, he may be introduced 
to the use of instruments of a higher grade than those 
employed in his course in surveying. 

(B) A second purpose of the course is to train the 
student in the art of computing. Model forms 
of record and reduction for his several problems 
should be placed before him and the advantage of 
compact and orderly arrangement of all numerical 
work should be strenuously insisted upon. 

( (7) As the concrete outcome of the above training, 
the student should acquire the ability to determine 
latitude, time and azimuth, with such instruments as 
he will use in the orderly practice of civil engineering. 
The sextant and engineer's transit furnish quite as 
good an equipment for the course here contemplated 
as the elaborate outfit of an observatory. The latter 
belongs to a more advanced stage of study. 

The details of a course of study such as is above 
suggested depend upon the amount of time which 
can be assigned it in the curriculum, and as a compro- 
mise between conflicting interests we suggest a re- 
quired course of sixty exercises, to be followed by an 
elective course, which the student should have an oppor- 
tunity to elect, and for which he should receive credit. 

The Required Course. It is presupposed that the 
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student is familiar, as a matter of common information, 
with the diurnal and annual motions of the earth and 
the rising and setting of stars. His technical instruct- 
ion may begin with a formal definition of the zenith, 
poles, horizon, equator, meridian, and an explanation 
of the co-ordinates, altitude, azimuth, declination, 
hour angle and right ascension, together with the 
geographical latitude and sidereal time, which should 
be introduced as concepts strictly analogous to the co- 
ordinates. An armillary sphere, or some equivalent 
apparatus, is almost essential to the ready acquisition 
of a working knowledge of the co-ordinates, and it 
will usually aid the student if emphasis is placed upon 
the fact that, while any two co-ordinates suffice to fix 
the position of a star, they naturally fall into pairs, 
altitude and azimuth, declination and right ascension, 
etc., the common element between the co-ordinates 
constituting a pair, being that they refer to the same 
fundamental plane. It should be further noted that 
the latitude and sidereal time constitute the relation- 
ship between the different systems of co-ordinates, and 
it will be advantageous to point out the reasons for 
employing several different systems. 

The astronomical triangle, pole-zenith-star, should 
next be introduced as a device for transforming co-or- 
dinates from one system to another, and the student's 
interest will be stimulated if it is pointed out to him 
that the practical problems with which he is soon to 
deal, such as the determination of time, latitude, and 
the direction of the meridian, are, in so far as their 
theory is concerned, nothing other than cases of the 
transformation of co-ordinates. 
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The convenient use of the astronomical triangle for 
the purposes here indicated, requires a knowledge of 
the " general spherical triangle/' and it will frequently 
be found that the student's mathematical attainments 
are in this respect insufficient. In such cases it is often 
an economy of time to devote an hour to the derivation 
of the general formulse of spherical trigonometry by 
the transformation of rectangular co-ordinates, accom- 
panying the demonstration with the requisite precepts 
for the application of these formulas to numerical cal- 
culation. The student should apply the astronomical 
triangle to the derivation of formulae for passing from 
each system of co-ordinates to each of the others and 
should preserve these formulae for use in the reduc- 
tion of his observations, rather than resort anew in 
each case to the triangle. 

At this stage of progress the student should devote 
some little time to the numerical transformation of 
co-ordinates, both for the purpose of famiharizing 
himself with the several systems and the mode of 
passing from one to another, and for instruction in the 
technique of computing, the arrangement of his work, 
the checks against the commission of error, the me- 
chanical devices for economy of time and labor, and 
the use of addition and subtraction logarithms, which 
are usually neglected in the department of mathemat- 
ics. 

It is a common saying among experienced compu- 
ters, that the only way to avoid mistakes in numerical 
work is to have acquired experience through the com- 
mission of every possible kind of blunder, and there is 
perhaps no part of his course in astronomy from 
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which the future engineer will derive more practical 
advantage than this training under the guidance and 
criticism of an accomplished computer, such as every 
professor of practical astronomy should be. 

This training in numerical work should be a prom- 
inent feature of the whole course in astronomy, and 
without more than a beginning in such work, the stu- 
dent may pass to a consideration of the different 
kinds of time in the order : sidereal, apparent solar, 
mean solar time ; and should learn to use the ephem- 
eris in so far as it deals mth the concepts he has had 
occasion to employ. He will learn that the various 
quantities contained in the ephemeris are all variable 
with the time, and that their values which he is to 
use must be interpolated from it for the instant at 
which the observation in question was made, and that 
this instant must be expressed in Washington or Green- 
wich time. This seems an exceedingly elementary 
matter, but it is the writer's experience that students 
are frequently perplexed by it, and that a little care 
is required for its elucidation. 

The order in which the student shall take up his 
practical problems is not a matter of primary impor- 
tance, but it has been found convenient in practice to 
assign, first, the determination of time fit)m a single 
altitude, or series of altitudes of the sun, measured 
with the sextant, showing the student how to use the 
instrument, and explaining its chief sources of error 
without going into their mathematical theory. The 
reduction of these observations brings the student to a 
consideration of the fact that the altitude which he 
has measured cannot immediately be employed with 
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the latitude and declination of the sun for the solu- 
tion of the astronomical triangle, but must first be 
transformed from an apparent into a true altitude by 
correcting for the effects of refraction and parallax. 

The theory of the parallax may be briefly given, 
neglecting the earth's compression, but it will usu- 
ally be better to give arbitrarily the rejfiraction formula 
than to attempt its derivation. The student will 
usually have difficulty in determining which limb of 
the sun he observed, and his perplexity may be used 
to emphasize the advantage of observing both the 
upper and lower Umbs. So also he will usually re- 
quire some stimulus to secure the bestowal of suffi- 
cient attention upon the determination of the index 
correction. 

The next step in his progress may be a rapid revis- 
ion of the theory of the theodohte or engineer's tran- 
sit, which he encountered but probably did not master, 
in connection with his course in surveying. This work 
should include the measurement of angles by repeti- 
tion, the effect of a reversal of the instrument in 
eliminating its errors, the method of employing its 
plate and striding levels, and the mode of eliminating 
the effect of graduation errors. If an instrument 
with micrometer microscopes is available, instruction 
in its use may be given at this point, and the instru- 
ment first employed for measuring the zenith distance 
of a terrestrial mark. It is advantageous to throw 
the alidade level somewhat out of adjustment, in 
order to impress upon the student that the reversal of 
the instrument eliminates all defecte of this kind from 
the measured zenith distance. 
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Although not strictly germane to a course in as- 
tronomy, the subject of trigonometric levelling, with 
the effect of refraction and the curvature of the earth's 
surface, may be introduced here with advantage. 

In his measurements of zenith distance, the student 
should be taught to bring the level bubble somewhere 
near the middle of its scale, but not allowed to spend 
much time in getting a nice adjustment of it, reading 
the level, and subsequently applying its indications as 
a correction to the circle readings. This requires a 
knowledge of the value of a level division, and the 
student should be required to determine this value by 
whatever method his instructor deems most convenient. 

Passing on to astronomical uses of the theodoUte, 
the student may determine latitude from circum- 
meridian altitudes of the sun (Gauss's mode of reduc- 
tion) and azimuth, from simultaneous readings of the 
vertical and horizontal circles when the Une of sight 
is directed to the sun, combined with readings of the 
horizontal circle when the telescope is directed upon a 
terrestrial mark. This mode of determining azimuth, 
although very much neglected in the text-books, 
admits of considerable precision and is excellently 
adapted to the purposes of the engineer. 

Thus far the student's problems have involved only 
work by dayUght, but he should now take up night 
work and will require some instruction about illumin- 
ating the wires of his instrument and in reading ver- 
niers, levels, etc., by lamplight. His first problem 
should be the simultaneous determination of time and 
latitude from equal altitudes of Polaris and southern 
stars. This method is very little used in America, but 
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it is the best method of using an engineer's transit for 
the determination of either time or latitude, and 
should be taught to engineers. An exposition of the 
method, with examples of its application, has been 
given by the author of this paper in Bulletin of the 
University of Wisconsin, Science Series, Vol. 1, No. 3. 

An average student, with a good transit and ordi- 
nary watch, may be expected within an hour to de- 
termine his latitude within 2", and the error of his 
watch within a quarter of a second. 

The limits of time above allotted, permit the as- 
signment of only one more problem in our course, the 
determination of azimuth from observations of a close 
circumpolar star. The student should be taught that, 
while it is advantageous to observe at elongation, it is 
by no means necessary to do so, and that by a proper 
combination of stare, together with an approximate 
determination of time, he may frequently avoid the 
necessity of observing at inconvenient hours without 
in any way imparing the precision of his results. 

In outlining the above required course to be given 
in sixty exercises or less, no reference has been made 
to a text-book, and the author knows of no text- 
book which is altogether satisfactory. In giving at 
the University of Wisconsin the equivalent of the 
course above outlined, it has been his practice to pre- 
pare cyclostyle copies of lecture notes, covering the 
ground to be traversed by the class, and including in 
detail the record and reduction of a set of observ^a- 
tions corresponding to each problem assigned the stu- 
dent. A copy of these notes is placed in the hands of 
each student, and he is expected to familiarize himself 
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with the text contained in them, and to use the nu- 
merical parts as models for the record and reduction 
of his own observations. These observations and 
their reduction, written up in a note-book and accom- 
panied by the requisite formulse, are preserved by the 
student as guides for any future work of the kind 
which he may have occasion to do. This mode of 
instruction^ however, cannot be regarded as altogether 
satisfactory, and a suitable text-book would presum- 
ably strengthen the course. 

It does not fall within the scope of this paper to 
provide in detail an advanced elective course in as- 
tronomy. As our schools are organized, such a course 
must be arranged to meet the requirements of each 
individual case, but the material available for such a 
course in a properly equipped engineering observatory 
may be indicated as follows : 

The Transit Instrument. Determination of time in 
the meridian. Investigation of the constants of the 
instruments. Determination of azimuth by mount- 
ing the instrument in the vertical of a circumpolar 
star near elongation. 

Clocks and Chronometers. Investigation of rates 
and temperature coefficients. 

The Zenith Telescope. Investigation of constants- 
Determination of latitude. 

The Universal Instrument. Rfefined determina- 
tion of azimuth. Latitude from altitudes of stars. 
Time from transits over the vertical circle of Polaris, 
Doellen's method. 

Transit Instrument in the Prime Vertical. Deter- 
mination of latitude and declinations of stars. 
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The prosecution of such a course of study necessa- 
rily implies a considerable addition to the student^s 
theoretical knowledge, and concurrently with his in- 
strumental work he should take up in the standard 
treatises such subjects as precession, nutation, aberra- 
tion, refraction, the reduction of star places, etc.; but 
we here approach, if indeed we have not already 
passed, the bounds which separate engineering study 
from the domain of the professional astronomer. 

The points at which the writer of this paper seeks 
to place special stress are that a brief course in spher- 
ical and practical astronomy is properly a part of the 
professional training of every engineer in whose work 
surveying is to occupy an important place, and that 
this instruction can be advantageously given with no 
further instrumental equipment than that possessed 
by every good college of engineering. 



A SPECIALIZED COURSE IN GEODETIC ENGI. 

NEERING. 

BY MANSFIELD MERRIMAN. 
ProfeBSor of Civil Engineering, Lehigh University, South Bethlehem, Pa. 

The proposition to establish a four years' course of 
study in Geodetic Engineering, or Geodesy, as it should 
preferably be called, is one that the writer cannot re- 
gard with favor. Such a course seems neither neces- 
sary nor likely to lead to the best advantage of those 
who pursue it. There is no branch of technical 
science that the geodesist may not be called upon to 
use and hence his elementary training should be 
broad. 

The specilization of engineering education appears 
to have already been carried too far. In some insti- 
tutions the students in civil engineering receive little 
or no instruction in machinery, while those in 
mechanical engineering graduate without any knowl- 
edge of the elementary operations of surveying. It 
should not be forgotten that a broad foundation fur- 
nishes the best basis upon which the specialist may 
build high, and hence it seems to the writer that a 
curriculum of studies similar to that of our oldest 
engineering school most nearly approaches the ideal 
of a sound elementary engineering education. 

Geodesy should be taught in all courses in civil 
engineering on account of the precise training that it 
can give to students. It demands mathematical per- 
ception of a high order, skill in observation, and ac- 
curacy in computation. He who is well trained in 

( 256) 
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these will be likely to succeed in doing good work in 
any branch of engineering. 

About five per cent, of the total time in a four 
years' course in civil engineering is usually devoted 
to geodesy and practical astronomy. In this short 
time a good foundation can be laid for post-graduate 
studies or for practical work. The entire range of 
geodetic theory and practice cannot be covered in this 
course, but it is more important that the portions 
actually taken, be done with thoroughness! than that 
a wide field should be gone over for the purpose of 
obtaining general information. 

An important feature of the course in geodesy is the 
theory of errors, including the systematic errors of 
instruments, accidental errors of observations, and 
errors in computed results due to imperfections in data. 
The comparison of observation by means of their 
probable errors, and the adjustment of observed values 
by the method of least squares, usually opens the eyes 
of students to elements of precision which can be ap- 
preciated in no other way. 

An extensive instrumental equipment is not so im- 
portant as the intelligent use of common surveying 
instruments. At our last meeting the question was 
asked: What is the equipment absolutely necessary 
for geodetic field work? The answer to this, it seems 
to me, is that the absolutely necessary equipment is a 
good long steel tape and a good engineer's transit. 
By the use of the steel tape base lines may be measured 
with a probable error of one one-half millionth of 
their length. By the use of the transit in such a way 
as to eliminate its constant errors, horizontal angles 
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can be determined with the probable error of one 
second or less. 

In a post-graduate course of study in geodesy it is 
desirable that field work should also be done, with 
direction theodolites, in trigonometrical leveling on 
long lines, in pendulum observations, and in compar- 
ison of standard measures. 

The work in pra<;tical astronomy which usually ac- 
companies or follows the course in geodesy proper has 
been fully outhned in the paper by Prof Comstock. 
The principles advocated above seem also applicable 
here. Azimuth and latitude work can be carried on 
with the transit and sextant, and it is also desirable 
that practice with the zenith telescope should be had 
by under-graduates, while longitude work is perhaps 
best left for those who take a post-graduate year. 

In all geodetic field work the practice should be 
conducted with the aim of exemplifying principles 
rather than special methods. Indeed, in any engineer- 
ing course the object in view should not be to give a 
student training in a trade, but to educate him, that 
is to draw out and develope the powers of his mind. 
He who has a thorough knowledge of principles, and 
is conscious of his power to apply them in practice, is 
in a position to attain success in any specialty of his 
chosen profession. 

Discussion. 

( On Astronomy and on Geodetic Engineering.) 

Prof. Frank O. Marvin desired to emphasize one 
point in Prof Merriman's paper, and that was 
that students could do good work on low-grade in- 
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staruments. He spent a month in the field this sum- 
mer with his students in engineering, doing some topo- 
graphical work. They were doing some triangula- 
tion, and had two instruments, one a Fauth instru- 
menty reading seconds by two micrometers, and the 
other a common engineer's instrument reading to ten 
seconds. The closest work on the triangulation, it 
was found, was done with the latter instrument. The 
students could not handle the larger instrument so 
well. 

He did not wish it to be understood that he did not 
advocate the use of fine instruments, but he spoke 
firom an educational standpoint; he wanted the stu- 
dents to see their failure and the reasons for it where 
they obtained a poorer result with a fine instrument 
than with the lower grade one. The practice with the 
better instrument was valuable and worth while, 
even though the time could not be given to make 
students expert observers. 

Prof. C. Frank Allen, referring to Prof Merri- 
man's paper, said it seemed to him that nearly every 
one in this session had been pretty strongly on the 
side of the general foundation course, as distinct fi'om 
specialization ; while he agreed fully that there must 
be a complete and sufficient foundation, there was 
in favor of the special course one side that had not 
been brought out. If the purpose is not the con- 
veying, of information, so much as the disciplining of 
the mind, it will be easy for all to recognize the fact 
that there is always some difficulty in determining 
exactly what studies shall be used for this purpose, 
and if speciaUzation is done in the right sort of way 
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there is no reason why, in each specialty, studies 
can not be selected that will admirably and per- 
fectly serve the desired purpose. There is, perhaps, 
in attempting to avoid specialization, and give only a 
general foundation, a danger that we shall get a 
smattering of a great many things, instead of taking 
up certain special lines and carrying them out per- 
fectly and thoroughly. He presumed he did not diflfer 
very much in feeling from those who had taken the 
other view, but it seemed desirable to present this 
side of the case, so that there should be no chance to 
misunderstand each other, while possibly some who 
were not fully in sympathy with our feelings might be 
led into the idea that specializing, must be wrong. 
He simply meant that there was an opportunity in 
this for the most thorough drill for the student who, 
with such preparation, could in after Ufe turn to other 
branches of engineering. 



A COURSE IN BIOLOGICAL SCIENCES FOR 
ENGINEERING STUDENTS. 

BY C. W. HALL. 

Dean of the College of EngineeriDg, Metallmgy, and the Mechanic Arts. 

UniTersity of Minnesota, Minneapolis. 

In the engineering colleges of the United States 
there are at present three groups of studies : 

1. Preparatory studies: those which cannot be re- 
required for admission, and yet are essential to the 
professional work which is the specific aim of the 
course; for example, trigonometry, pattern-making, 
chemical analysis, etc. 

2. Culture studies: those which are neither pre- 
paratory in the sense stated above, nor professional 
in that they are essential to an efficient comprehen- 
sion of the profession to be entered upon by the grad- 
uate ; for example, economics, history, French. 

3. Professional studies: those which are essential 
to an efficient working knowledge of theory and prac- 
tice in any technical subject; for instance, physics, 
mechanics, the study of materials. 

Noting the present wide range of the technical pro- 
fessions and the apparently narrow range of prepara- 
tion for any specific hne of engineering work, it seems 
that no hard and fast lines can be drawn between 
the foregoing groups of studies. Consider the very 
studies under consideration, the biological; it is 
greatly to be desired that the chief engineer of a 
railway system, a city engineer, or the superintendent 
of a mine, be able to discuss the anatomy and physi- 
ology of plants and animals, but the lack of that abil- 
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ity seems in no way to diminish his usefulness to his 
employers. A chemist, on the other hand, must 
be femiliar with biological problems, since his profes- 
sional duties bring him in contact with them at every 
turn. With equal emphasis, it can be said that a 
knowledge of mineralogy and geology is desirable for 
a mechanical engineer or the manager of an electrical 
street railway system ; but a mining engineer must 
undei^tend minerals and be famiUar tithTheir habite 
in order to perform his whole duty with efficiency and 
economy. 

Therefore, invited to present some suggestions on a 
course in the biological sciences for engineering stu- 
dents, the writer assumes that he is expected to con- 
sider them as culture studies. 

The question then is not how much of the biologi- 
cal sciences shall a student have who must make living 
things the subject of his professional labors, but rather 
how much shall be afforded to and required of him 
who in his professional duties loves to observe the 
phenomena of nature as presented by Uving things 
about him, examine the physiology of his own body, 
particularly as it bears on his personal enthusiasm 
and professional skill, and measure his power of 
accomplishment as it becomes a varying factor which 
he must at all times take into account in the prosecu- 
tion of his professional labors. 

When a student of engineering has entered upon 
his professional studies he has but little time for cul- 
ture studies. No institution with which I am ac- 
quainted can aflford to give a young man both culture 
and professional training, so far as these two terms 
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have any diflferent meaning. Such branches as are 
neither professioiial nor preparatory to professional 
studies, must be regarded as recreative or as incident- 
ally contributing to the engineer's capital in trade 
through faciUtating his intellectual processes towards 
the solution of engineering problems. As a recreation 
they will be selected to accord with the tastes or the 
hours of the student, or more naturally, on account of 
some peraonality with which he will come in contact 
through such selection. It is the personnel of a col- 
lege faculty that marks the institution much more 
than do the methods employed, the habit of work 
emphasized, or the intellectual attitude which is in- 
stilled into the students through the college as an 
institution of learning. 

Taking the biological branches, botany, physiology, 
and zoology, as a clearly defined group of subjects, 
the fundamental question is, what results should be 
expected from their presence in an engineering course 
of study? Incidentally, the question enters, how 
much time should be devoted to the group? In an 
attempt to answer this question, the writer would 
propose a series of negative propositions, with the 
reasons in their support somewhat summarily stated. 

1. A course in biology should not be a course in 
systematic botany or zoology. 

Petal and pistil counting was better than nothing 
in the days when botany was an art, rather than a 
science; observing coverts and counting scales is less 
bloody than shooting birds and stoning snakes. 
This method was once much in vogue in American 
educational work, but it is fast disappearing, save as 
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incidental to nature study. The sciences go deeper 
now and strive to lay hold on fundamentals. Besides, 
names are difficult to remember, and the discipUnaiy 
value of mere memorizing of Latin, or of any other, 
names is, to say the least, a matter in dispute when 
the new comer supporting the negative has the tre- 
mendous advantage of carrying the sympathies of the 
students involved in the debate. Even when the 
systematic work is confined to the fauna and flora of 
a locaUty, a difficulty arises, should the engineer be 
called to another district. Latin names are as useless 
as the knowledge of the number, position and form 
of feathers, scales, hair, petals and seed pods. Inci- 
dentally, the work of identification and classification 
should be done, since it gives figures before the mind 
when other relations than classificatory are under 
consideration. 

2. A course in biology should not be a course in 
laboratory dissection. 

Such a course to be of any discipUnary value is a 
prolonged one. The mere cutting up of a fi*og or cat 
is not a course in laboratory dissection, and the prac- 
tical result of such an operation considered as a dis- 
ciplinary exercise is nil. The prime object of a course 
in laboratory dissection, as the writer understands it, 
is to acquaint the student with the first principles of 
comparative anatomy. 

To become a biologist, the student must orierii him- 
self in the animal kingdom. He must have a com- 
prehensive knowledge of the relations of his own an- 
atomy to that of those forms nearest to him in the 
daily activities of life. But engineers can construct 
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machines, build bridges, lay out railroads, generate 
and control electric currents, and sink mines, with no 
orienting of that character ; they have done it in the 
past at all events. 

Still some information touching the construction 
of fellow animals and what their habits and instincts 
will lead them to do, is a most admirable supplement 
to the merely technical education. 

3. A course in biology should not be a course in 
histology; i.e., "the ultimate optical analysis of struc- 
ture by the aid of the microscope." 

The technique of histology is acquired only by exer- 
cising great care and expending much time ; even then, 
perhaps not more than one in two attains to that 
mastery which will, from the standpoint of discipline 
and working habit, pay the cost of the course in time 
and money. Having acquired the technique, the 
study of tissues demands further time, since the struc- 
ture of a single cell goes but a short way towards the 
building of a body. The expenditure of time for the 
sake of acquiring information is altogether too great to 
be indulged in by a student straining every nerve in 
putting himself in training for professional compe- 
tition; and in the matter of discipline the training 
for professional skill and power can be acquired in 
lines more closely related to, and on material more 
nearly like that, with which, as a professional engi- 
neer, he will have to work. 

4. A course in biology should not be one in embry- 
ological investigation. 

The development of an animal or plant from its be- 
ginning up to the time when it shifts for itself in this 
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rough and tumble world is a subject of absorbing 
interest. It also absorbs time. An engineering stu- 
dent giving the odd and recreative moments of his 
course to this subject would get but very little either 
of discipline or information out of it. At most he 
could get his tools together and outline the work he 
would do if he could throw aside his ambition to be- 
come an engineer and devote his life to embryology. 
So, with dissatisfaction sure to result, the details of 
such a course should be left to others, while the en- 
gineer, receiving some few statements and sugges- 
tions, is allowed to attend to other lines of intellectual 
activity. 

But, on the other hand, in those engineering schools 
where it is possible to give a brief course, where a mas- 
ter in biology stands ready to guide the students, work 
can be done leading the highest type of development 
of the reasoning powers. Its emphasis should lie 
along these lines : 

1. It should inculcate facts and principles touching 
the laws of Ufe. 

2. The relationships between living things should 
be explained. 

3. The influence of man's biological environment 
should be made clear. 

Four exercises a week, for a single term in lectures, 
recitations and assigned reading are sufficient to cover 
the work contemplated in such a course in biology. 

Discussion. 

Prof. C. C. Brown stated that he had introduced 
biology as one of the subjects for sanitary engineers, and 
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it seemed to be necessary for this particular line of 
study, for it was used practically in the study of the 
classes of animal and plant life found in water sup- 
plies and sewage. 

Mr. William Kent said that he did not wish to 
attack this paper at all, but, in regard to the study of 
botany, as he felt a good deal of interest in educating 
his boy, he had insisted that he should take botany for 
the purpose of cultivating the observing powers. He 
believed that something of biology should be taught 
in the high schools, before the lad entered the en- 
gineering college. 



A GENERAL COURSE IN CIVIL ENGINEERING. 

What Professional Subjects Should be Included in a Four 
Years' Course in Civil Engineering, and how Much 
Time Should be Given to Each, When no Specialized 
Courses in Civil Engineering are Offered. 

BY C. L. CRANDALL. 
Professor of Civil Engineering,^ Cornell University, Ithaca, N. T. 

This is a subject upon which our technical colleges 
have been at work for many years, with the result 
that there have been nearly as many solutions as col- 
leges. This has been due in part to the environment, 
both internal and external, and in part to the idiosyn- 
crasies of those in immediate charge of the work. 
With the development of technical education, and the 
elevation of civil engineering to the rank of a profes- 
sion, the effect of the former should be somewhat di- 
minished, and that of the latter should show itself 
more in method and emphasis, rather than in the sub- 
jects presented. 

The discussion of the subject therefore seems timely, 
not with the hope or desire of securing perfect uni- 
formity, but with the desire of finding out what the 
present tendencies are, and, if possible, what they 
should be, in order that each institution, while meet- 
ing the present demands made upon it, may the 
better shape its work for future healthy growth and 
development. 

In order to start this discussion the following sched- 
ule of professional subjects is presented. The term 
^'professional," is here assumed to include all the 
technical work as more fairly representing the char- 
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acter of the course than could be done without many 
assumptions and explanations, if a more limited 
meaning were given. 

The numbers indicate " count hours " per week for 
a term lasting one-third of a college year, a " count 
hour '' representing about three hours of actual work. 
The entrance requirements are supposed to corre- 
spond approximately with those of Class A of Pro- 
fessor Marvin's paper of last year upon requirements 
for admission; i. e., to include among other sub- 
jects, mathematics through solid geometry, English, 
elementary science, and one year of foreign language. 



Technical Subjects. Required Coubse. 

Freehand dzawing and sketching 3 

Linear drawing and tinting 3 

Pen topography 2 

Colored topography 2 

Lettering 3 

Shopwork, or shop methods 3 

Besoriptive geometry, and shades, shadows and perspective. .12 

Land surveying 4 

Topographic surveying and mapping 4 

City and mine surveying 3 

Materials of engineering 3 

Mechanics, classhroom 19 

Mechanics, laboratoiy 7 

Boad construction 2 

Bailroad engineering 11 

Structural engineering 10 

Foundations, masonry construction and stereotomy 9 

Least squares, astronomy, geodesy 10 

steam, hydraulic, electric, and other motors, and pumps. ... 6 

Hydraulic engineering 6 

Sanitary engineering 6 

Engineering jurisprudence 2 

Seminary in technical literature 3 

Thesis 4 

Total 137 
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The instruction in Lettering should be given early 
in the course ; skill and rapidity can then be acquired 
in finishing the regular drawings, rather than in prac- 
ticing lettering by itself. 

The Shopwork should acquaint the student with the 
tools and methods, and with the resources, of the 
shop, as a future aid in designing, rather than attempt 
to develop his skill as a workman. 

The time given to Descriptive Geometry may ap- 
pear large, but by using the different angles and giving 
out plenty of original problems, the subject can be so 
taught as to be of great value in developing the im- 
agination, and in enabling the student to learn to do 
his own thinking. About four hours of the time 
should be spent in the draughting room, working 
accurately with T-square and triangle upon original 
problems. 

The Mechanics should include the Mechanics of 
solids, of materials, and of fluids. Graphical statics is 
included under the second, with extensions to masonry 
arches, arch ribs, continuous girders, and mechanism. 
The laboratory should be an auxiliary to the class 
room, primarily for instruction, not mvestigation. A 
portion of the experimental work in hydraulics should 
preferably be in the field. 

The Railroad Engineering should include curves 
and field problems ; earthwork formulas, computations 
and cost ; standard structures ; staking out work ; track 
work; signals; economics of location; tunneling in 
rock and in soft materials ; street railroad work. Ap- 
plication to the location of several miles of line away 
from the college campus should be given, with full 
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data as to estiinates and cost, map and profile, and 
dimensioned sketches of structures. 

The Structural Engineering should include the 
analytical determination of stresses in well designed 
bridges, roo& and frames ; also in those with redundant 
and deficient members, loads applied at other than 
panel points, etc., for non-continuous trusses. Also 
the complete design, with details, of a roof truss and 
of a plate girder or simple bridge, some of the work 
to be in timber and some in metal. 

Under the head of Foundations, Masonry Construo- 
tion and Stereotomy, there should be discussed the 
supporting power of soils, ordinary foundations, and 
those for tall buildings, bridge piers, harbor construc- 
tion, etc.; construction and durability of difierent kinds 
of masonry, with laboratory work in mixing cement 
and in testing cement and building stones ; two or 
three simple problems in stereotomy, with the di- 
mensions of the templets checked by numerical com- 
putations, €. g., platband arch, intersection of tunnel 
arch linings, wing walls with battered faces, ete. ; the 
complete design of a right arch, including abutments^ 
foundations and approaches, with graphical analysis 
of stability; design of an oblique helicoidal arch 
with numerical computation for dimensions, and the 
cutting of one of the face stones to scale from plaster. 
The design of the false works for one of these arches 
should also be included. 

The Least Squares should include the development 
of the formulas, with applications to problems in as- 
tronomy, geodesy and other branches of engineering 
work, including physical measurements. 
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The Astronomy should include the determination of 
time, latitude and azimuth, with numerous problems 
and actual observing. This work priBsupposes a little 
knowledge of descriptive astronomy which may be 
given in a few brief lectures or required for entrance. 
The Geodesy should include the construction, elimina- 
tion or determination of errors, and use of instru- 
ments; methods of field work; figure of the earth, 
with resulting formulas and methods of computation ; 
reduction of geodetic and astronomic data ; field work 
under as nearly as possible practical conditions, with 
computations and maps of results ; laboratory work 
with instruments and with measures for length. 

The Steam and other Motors should be taken up 
from the civil engineer's standpoint, -i. e., a thorough 
understanding of the principles involved and of the 
results which can be obtained in practice, including 
efficiency tests, with enough of mechanical detail to 
show the application of the principles and the dif- 
ference between good and bad construction. 

Under Hydraulic Engineering there should be in- 
cluded rainfall and evaporation, drainage areas, flow 
of streams, size and construction of storage reservoirs, 
water supply and distribution, river and harbor im- 
provements, canal construction, interior navigation, 
economic problems of transportation. 

The Sanitary and Municipal Engineering should in- 
clude house sanitation, sewerage and sewage disposal, 
purification of water supply, garbage collection and 
disposal, street surfaces, municipal control o? public 
works, quarantine, etc. ( 

Engineering Jurisprudence should includ4 the un- 
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derlying principles of law as applied to boundary lines, 
riparian rights, contracts, public health, and with de- 
cisions enough to show the appUcations in practice 
and some of the finer distinctions. 

The Seminary in technical literature should be. 
mainly devoted to the discussion of topics prepared by 
the students. 

The Thesis may contain the results of investigations, 
or of experimental work in the laboratory or else- 
where ; it may be a project or design, or a review of 
an engineering work ; or it may be largely historical, 
or descriptive if the material is well digested. The 
student may receive suggestions and criticisms, but 
the result should be an expression of his own abiUty 
to cope with an engineering problem. 

It is difficult to bring out the scope of a course of 
instruction in a brief statement like the above, for 
the same name brings up a different impression with 
each person as to Umitation of subject and method of 
treatment, if not of subject-matter itself. 

The object of the course as outlined is to supple- 
ment the high-school training by about a year of gen- 
eral work in mathematics, languages, and the sciences 
most nearly allied to engineering, and to devote the 
other three years to what has been called professional 
work. Many subjects along the border line of civil 
engmeering are not mentioned in this list. The under- 
lying principles, and familiarity with some of the more 
general features of them, should be secured in the 
chemistry, physics, geology, mechanics, etc., of the 
course, while the practical results which can be ob- 
tained, in many of the others, would be brought out 
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with due regard to limitations and cost, in the problems 
and discussions in connection with allied work. More* 
over, if, in the struggle for education, the student has 
learned to think, plan and act for himself, he will be 
able to extend his grasp to the border fields as necessity 
may require, in the same way that he will have to at- 
tack and solve the many difficult problems, some of 
them new ones, continually arising in the fields with 
which he has most intimate contact. 

The increasing number of men who complete a col- 
lege course first, and then complete a course in civil 
engineering in from two to three years afterwards, and 
the increasing demand for men more thoroughly pre- 
pared, leads to the belief that the year of general work 
will be gradually replaced by professional work in 
some, at least, of the engineering colleges. 

Discussion. 

The President remarked that he was impressed 
with the fact that it was easier to lay out a course of 
study than to find time to put it all into effect. 
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A COURSE IN SANITARY ENGINEERING. 

BY CHAS. C. BROWN. 
City Engineer, Indianapolis, Ind. 

The strict subject of this paper as presented to me 
by the Secretary is a course of four years in Sanitary 
Engineering. It is presumed that the intention is to 
have a statement of the special work considered neces- 
sary for the sanitary engineer and a statement of the 
work usually comprised in a civil engineering course, 
which must be included in the course in sanitary en- 
gineering. 

The writer wishes to have it clearly understood at the 
beginning that the arrangement of a four-year course 
with the necessary omissions from the usual course is, in 
his opinion, not the proper method of procedure. 

The education of the engineer is not now, nor has 
it ever been, on a par with the education of men for 
any other profession. The profession has suffered, as 
a consequence, from too many men of ill-balanced 
development, and will never take its proper place 
unless the preliminary training of the student is 
broadened and deepened. 

The studies of an engineering course, wliich is as 
complete as a college course can well be, may be di- 
vided into three general classes, between which the 
lines of division are not always clearly defined. The 
first of these includes those studies which are intended 
to develop the powers of the mind in general, and lay 
a broad and deep foundation for the future work. 
Engineering courses are deficient in this class. The 

(275) 



276 SANITARY ENGINEERING. 

second has a similar object, but confines the training 
to more strictly technical lines. The ordinary course 
in engineering is well supphed \vith studies of this 
class. The third is intended to give the student 
special training and practice in the application of his 
recently acquired tools to the investigation of prob- 
lems in the special field of work which he has chosen. 
The most successful engineer in these days is the one 
with such a specialty, whose training has been broad 
enough for him to be able to see all sides of the special 
work and its relations to other fields. 

It will be seen fi-om the above that the writer is con- 
tending for both a broader foundation and for special 
courses, both being necessary to place engineering edu- 
cution on the plane it should occupy. It is evident 
that the four years of the ordinary course are not suf- 
ficient for the program suggested. The following 
suggestions are ofiered as to the minimum work and 
necessary time in the special case of sanitary engineer- 
ing. A higher ideal, towards which this is but the 
first step, should be kept always in view. 

The term sanitary engineering covers those opera- 
tions of the engineer which tend to improve the sani- 
tary condition of cities and country. It therefore in- 
cludes drainage, sewerage, water supply and paving 
as essential branches, with perhaps some others of less 
importance. 

Under Drainage comes the carrying-oflf of water 
from places where it is not wanted, in such manner as to 
improve the condition of the surrounding country ; the 
permanent flooding of areas of ground and the protec- 
tion of other areas, from periodic overflow and damage. 
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This includes ditching, tile draining, storm water 
sewerage, permanent flooding, leveeing, bank protec- 
tion, river regulation in general, and related subjects. 

Under Sewerage comes the removal of objectionable 
water and waste from populated districts, as well as the 
proper disposal of the same, including purificaton if 
necessary. Plumbing and house drainage are essential 
parts of this subject 

Under Water Supply comes the furnishing of pure 
water, and this includes the selection of source, puri- 
fication of water if necessary, construction and main- 
tenance of works. 

Under Paving come methods of treatment of the 
surface of thoroughfares, disposal of street water, selec- 
tion of proper material for pavement in each special 
case, construction of pavement, repair, maintenance and 
renewal, and in many cities the cleaning of the same. 
Ordinary road building, while not strictly sanitary en- 
gineering, is so nearly allied to street building that it is 
included. Bridge work and railroad work, so far as 
applicable to street railways, and railroad problems in 
cities should also be included as well as garbage dis- 
posal from its relation to disposal of street sweepings. 

Heating and ventilation of buildings is a branch of 
sanitary science which should perhaps belong to 
architecture, as possibly should plumbing and house 
drainage also, but it is not generally claimed by 
architects, and as it is largely common to both archi- 
tects and sanitary engineers it should be included in 
a complete course in sanitary engineering. 

It will be seen that the subjects of study necessary 
to cover this ground include hydraulics iu all its 
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branches, chemistry, biology, electricity, strength of 
materials and structures, and design of the special 
structures referred to, in addition to the special sub- 
jects mentioned, and in addition to the usual funda- 
mental studies of all scientific and engineering courses. 

The amount of time to be spent on the sanitary sub- 
jects depends so largely on the previous preparation 
of the student and the poUcy of the particular institu- 
tion as to specialization that it is impossible to give 
more than a general statement of the relative impor- 
tance of the subjects. The writer wishes to emphasize 
the statement that for the colleges with which he is 
acquainted he would much prefer to have a student 
take about three and one-third to three and one-half 
years of the regular scientific training of a general en- 
gineering course, with the addition of more " general 
culture" work, and then spend about one to one and 
one-third years on the special work of the sanitary 
engineer, with a minor subject in the general Une. 
The time can be more conveniently arranged in many 
cases if the course is a continuous one, and the stu- 
dent elects his specialty early in the course and 
chooses his work at the times and in the amounts to 
make the best combination. 

The claim that a general course is the best because 
a young man never knows what branch of engineer- 
ing he is likely to engage in is becoming out of date 
in this day of specialization; hence the writer be- 
lieves in such special courses, added to that ground- 
work of culture, which every college man should 
have, whether in a classical, scientific or technical line 
of work. 



SANITARY ENGINEERING. 279 

It is evident that the most important branch of 
study is hydraulics and its application to practical 
work in the various branches, and when theoretical 
hydrauUcs, water supply, sewerage and drainage are 
included, they will take nearly half of the time set 
apart for the special course. The chemistry and 
biology desirable, with laboratory work, will take less 
than one third, and the remaining portion will be 
sufficient for paving, plumbing, heating and ventila- 
tion. 

The first three to three and one-half years of a col- 
lege course should be designed principally to give the 
student the abiUty to think, to use his tools; the 
last year or so may then be used in teaching him to 
apply his tools to the special work he proposes to do 
in life. The writer finds it impossible to do both 
these things in a four years' course in the ordinary 
college, with students of the usual training at entrance, 
and believes that it cannot be properly done in any 
college with which he is acquainted in less than four 
and one-half years, while in many cases five years 
should be spent. Better yet would be the result if 
about two years were spent in the training of the 
mind to know its powers, before any material amount 
of special work of any sort was entered upon, and 
then three years of the general technical training and 
special work, accompanied by a minor study of the 
"general culture" class. 

If the entire time is spent on sanitary work, and it is 
made a supplement to a general course in civil engi- 
neering, an excellent result can be obtained in one year 
of work. If the work is carried through the regular 
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four years' course, nearly or quite a year of time must 
be found for it, and this must be at the expense of the 
general culture work, languages and such branches of 
engineering study as seem to have no direct connection 
with sanit^y work. When the sanitary engineer be- 
comes a city engineer, however, he must be able to 
cover the whole field of engine;ring. and subjects as 
remote firom sanitary engineering as geodesy, as- 
tronomy, bridge work, are essential to a full grasp of 
the duties of his office, and the groundwork in them 
which the general engineering course offers should not 

be lacking. 

Discussion, 

Prof. J. Galbraith did not think that the ten- 
dency to speciaUzing observable more or less in the 
curricula of technical colleges was to be commended. 
It was due, he thought, to some extent to a confusion 
of ideas. 

Success in life in the case of a professional man 
depends generally on his becoming a specialist ; there- 
fore (it is argued) his technical training ought to be 
special. It appears to the speaker that this conclusion 
is incorrect. The proper inference ought to be— there- 
fore his technical training should be general. It is 
only a good general scientific training which will give 
a man the best chance to seize the opportunity of be- 
coming a successful specialist. The number of unsuc- 
cessful speciaUsts is legion. 

Prop. Brown was glad to see that Prof. Galbraith 
agreed with his position, although he did not think 
that the writer agreed with his own. It seemed to 
him necessary to have the general training, but the 
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best engineer, nowadays, was the man who put him- 
self to work on a special line, with a proper relation, 
of course, to all matters of engineering ; but he would 
make the best success in some one branch. The gen- 
eral training must be had to start with. 

Prop. Frank O. Marvin felt glad that Prof Brown 
put the general training for the student before the 
special work, especially in this particular line. It 
seemed to him that when a man went into city work 
and came in contact with men of all kinds he needed 
this general training more than in any other line of 
engineering. The railroad man had to deal with a 
comparatively small number of people, and so with 
many engineers in other lines, but the city engineer, 
from the very nature of his work, was throM^ int(; 
daily contact with various classes, and if he was to 
maintain the dignity of his professional life he must 
have a broad general training. 

Prof. Dwight Porter said he was not so fortu- 
nate as to hear the early part of this paper, so that he 
had only the printed abstract as a guide. In looking 
this over he found some points upon which he desired 
to speak. In the first place, the scope of the sanitary 
engineer, as outlined there, seemed to him to be too 
broadly stated. It was not of the greatest conse- 
quence just how such subjects were gix)uped, but to 
include such as ditching, bank protection and river 
legulation, seemed to be rather straining matters. 
They were desirable enough for sanitary students, but 
perhaps not more so than for the general civil engi- 
neering students. Coining to house drainage, he be- 
lieved it wise to include that for the sanitary engi- 
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neer, not because the young graduate was very likely 
to be engaged in designing that sort of work, but be- 
cause he must come in contact with it, and because it 
had a very close relationship with sewerage. Again 
it seemed natural to include paving in highway engi- 
neering rather than in sanitary engineering. Chem- 
istoy a^d biology were referred to by Prof Brown as 
important subjects, but this reference was general 
only. It seemed to the speaker that it was desirable 
to have some definite notion of what use to make of 
these subjects, when they were introduced ; and that 
the object should be to give the student a very mod- 
erate amount of general instruction in them, and to 
have in mind to make of him not a biologist nor a 
chemist, but a person who will be able to understand 
the work of such men when he comes in contact with 
it in his practice, so that he can appreciate what is 
being found out in new methods of disposal, water 
purification, etc. He agreed that practice to a mod- 
erate extent is important for the student in sanitary 
engineering. The other points mentioned in the ab- 
stract of this paper, regarding specialization, etc., are 
matters of general policy, not peculiar to sanitary engi- 
neering, and he would not touch upon them any 
more than to assert his own belief that four years of 
technical study are enough for most students, and 
should be exceeded only in special cases ; he also ex- 
pressed his belief that excessive specialization is not' 
desirable. Qvil engineering in itself is a special thing. 
It is simply a question of how far specialization is 
to be carried, and he thought there was danger of 
carrying it too far. One other matter had seemed to 



SANITARY ENGINEERING. 28S 

him desirable to introduce, which did not appear in 
the paper under discussion, and that was instruction 
in hydraulic machinery. It is not practicable to give 
the student .much mechanical engineering, but he 
will have to deal more or less with such matters, and 
it is desirable to give a moderate amount of instruc- 
tion in that line. 



A COURSE IN MECHANICAL ENGINEERING, 
SUBJECTS TO BE TREATED AND TIME 

GIVEN TO EACH. 

BY H. W. SPANGLER. 

Professor of Mechanical Engineering, University of Penni^lvania, Phila- 
delphia. 

In discussing the subjects to be treated and the time 
given to each in a course in mechanical engineering, 
the particular view taken by any one in charge of such 
a course is naturally the result of his own experience, 
depending greatly upon the methods used at the in- 
stitution at which the responsible head of a course re- 
ceived his education. The general bent is given to 
the instruction by the practical experience or the spe- 
cialty of the man or men finally responsible for such 
a course. 

For instance, a man who has not become a teacher 
immediately upon graduating, goes into a class of 
work in which, from the nature of the business, draw- 
ing is of secondary or of less importance. Later he 
becomes a teacher, and as he does not want to turn 
out draughtsmen, the amount of drawing is hmited 
and the kind is of comparatively Httle importance. 
Another has secured his practical apprenticeship, if 
you choose to call it so, in machine tool works where 
drawing is very important, but where there was no use 
for a knowledge of heat outside the engine-room, and 
on his becoming a teacher, drawing is all important 
and thermodynamics of little use. 

These men are both right in a way, but on the 
negative side rather than on the positive. That is, in 
the first case, drawing is not so important, and in the 
second case, thermodynamics is not so important if in 
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both cases the teacher is a teacher. The first amsider- 
dHon, therefore, in determining the subjects to be 
taught, and consequently the amount of time to give 
to each subject, is the personality of the responsible head 
of such a course. If he is of a strongly mathematical 
bent^ the course will be largely mathematical. If he 
is of the so-called practical sort, the mathematics will 
be of secondary consideration. This is equally true if 
the mechanical course is in control of a body of men 
rather than a single one, as the tendency will be 
toward the subjects taught by the strongest men in 
the faculty. 

Any division of subjects which does not take into 
account this consideration will be unsatisfactory in its 
results. It is, therefore, undesirable that any attempt 
should be made to do more than make general divi- 
sions of mechanical engineering studies, and this will 
be taken up later. 

It has been possible to obtain a fiiirly accurate 
record of the work being done by nearly six hundred 
mechanical engineering graduates of technical schools, 
with the following result, dividing them into broad 
general classes. The graduates are from what are 
known as mechanical engineering courses, and are of 
ten years' standing or less. 

Eleetrioftl work •,. 79 

Tcaofaers 65 

Draughtsmen in all lines, 51 

Gas 36 

Iron and Steel Works 34 

Bailways 29 

Consulting Engineers 27 

Soattering, and where less than 20 are employed, 257 

No connection with Engineering 9 

Total 587 
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None of these are graduates of the University of 
Pennsylvania, but all are from Eastern colleges. 

A little study of this table may give us some inkling 
as to the work which should be done in colleges of 
mechanical engineering if it is granted that it is de- 
sirable to prepare men for their Ufe work in these 
lines. The large proportion of men who are in the 
smaller industries seems to point toward the necessity 
of engineering education, rather than the necessity of 
engineering training, to make successful engineers. 
Tins distinction is used because it has already been 
made before the society, and it is desirable to empha- 
size the belief that it is the former, education in con- 
tradistinction to training, which belongs to the pro- 
vince of the engineering colleges. 

Of the three hundred and twenty-one engineers in 
the seven classes given above, a Httle thought will 
satisfy us that of the thirty-six men engaged in gas 
making and gas using, but few could have had much 
training in their specialty, and the same holds true of 
several of the other subdivisions of the list. It seems 
then that as a second basis for dividing the work in 
colleges of mechanical engineering, certain broad sub- 
divisions of engineering education should be made, 
and a thorough foundation laid in these subdivisions, 
and our several specialties only called upon to furnish 
concrete examples of the method of applying these 
fundamentals to one branch of the profession. 

The teacher here has the opportunity of dwelling 
strongly on his own specialty, but with the limitation 
put upon him by the man who knows nothing about 
this line of work, that it is really not so very impor- 
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tant from an educational standpoint as the specialist 
is inclined to believe. 

A third matter which deserves consideration is the 
amount of preparation our students possess when they 
come to us. This will be a varying quantity for dif- 
ferent engineering colleges, but if it reaches a maximum 
limit, which is stated later, there should be little dif- 
ficulty in thoroughly presenting engineering subjects. 
Here again the methods of doing the work is of as 
much, if not of more importance than the subject- 
matter. It is upon the amount of regular drill contin- 
ually kept up during the preparatory years that a suc- 
cessful engineering course can be maintained. It is be- 
lieved that a knowledge of mathematics and physics 
sufl&cient to put a student in proper shape for taking 
up with advantage a good mechanical course can be 
obtained in the pubUc schools throughout the greater 
part of this country, A student should not be admitted 
to a course in engineering if he simply has sufficient 
preparation in mathematics and physics; his edu- 
cation should be a broad and thorough one, up to and 
including the necessary preparation, before he begins 
engineering work. An applicant for an engineering 
course should be as well educated on entering college 
as the successful applicants for any other college 
course are required to be. 

It is the intention to do more than refer to the 
work which is done outside the engineering depart- 
ment in an engineering course, although this may be 
outside the intended scope of this paper. All the work 
done in such a course should be for the sole purpose, 
of benefitting the student, making him a better man 
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first, and then a better engineer. The work should 
be handled in such a way that it is done and the 
teacher knows it to be so. 

First, as to instruction in Mathematics. This is, of 
<jourse, one of the two foundation stones on which the 
entire course is built. It is possible to require and to 
obtain of intending students a good knowledge of all 
of geometry, of algebra through quadratics, and men- 
suration through plane trigonometry. The examina- 
tions in these subjects should be searching and of the 
requirements should be rigorously Uved up to. 
Granted that this amount of preparation can be ob- 
tained, the amount of time spent in college on pure 
mathematics may well be limited to ten hours a week 
for one year. This should mean practically one sixth 
of the entire time spent in study. The method of do- 
ing the work is, for the best results, simply continuous 
drill. An attempt to teach mathematics to large 
classes by young men who have had no training be- 
yond that of a college course will never be satisfactory 
to engineering students. Classes should be divided 
into small sections and drilled every day. It is not 
believed that this work can best be done under an en- 
gineering professor, but a department of mathematics 
which fails to ascertain the exact needs of the en- 
gineering departments mth which it is associated will 
fall far short of nccompUshing its best results. Mathe- 
matics is decidedly the right hand of the engineer, 
whether he forgets his calculus the day he graduates 
or not. It is that which enables him to do the largest 
amount of dinidgery in the shortest possible time. The 
contents of text-books are not the valuable things, but 



MECHANICAL ENGINEERING. 289 

the mathematical common sense which so many of u& 
are deficient in, is what should be gotten out of this 
course. This, with good teachers, not beginners, and 
in small sections, say not over fifteen, can be obtained 
in the time indicated. 

As to the instruction in Physics, it should be pos- 
sible to obtain in the public schools an elementary 
course in physics. Not only would this be of value, 
for engineering students, but every well informed boy 
should have this knowledge. Surely if we can call 
mathematics the right hand of the engineering stu- 
dents, physics will take the next place, and the course 
in college should be as full as possible. The amount 
of time which should be given to it depends again 
largely on the teachers and their methods. If generali- 
ties are omitted from the course as -far as possible and 
mathematical physics substituted, in many cases the 
students will be better for it. Exact knowledge is 
what is required, and not that smattering of a subject 
which goes by the name of "general information." 
The general information should be given by an occas- 
ional lecture, the exact knowledge should be obtained 
by day-to-day drill, again in small classes, by an in- 
telligent teacher who knows what the student is re- 
quired to do with his knowledge. 

The question of laboratory work here comes up. Is 
it desirable to give the student laboratory work in 
physics ? To a certain extent only, for an engineering 
Ldent The giving of a student a piece of apparatu! 
and telling him to do with it a certain piece of work 
would be of value as preparatory to engineering ex- 
periments later, if it teaches him the handling of ap- 
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paratus and the faculty of recording exactly what he 
sees. Beyond this, there is a large amount of time 
which can be better spent, unless the instruction 
covers many of the experiments usually carried on in 
the general mechanical laboratory. The principles of 
the measuring apparatus, and the apparatus itself, 
which an engineer is called on to use, would give a 
student the proper kind of work for a physical labora- 
tory. The standardizingand using of instruments such 
as thermometers, gauges, indicators, planimeters, re- 
sistance boxes, etc., could well be handled in the phy- 
sical laboratory to the decided advantage of the course. 
If this is done, the class work in physics might well 
extend over eight hours and the laboratory work 
over nine hours, for one year. If, however, tliQ class 
of work done in the laboratory is of the usual phys- 
ical kind it surely will have to be done again under 
the teachers of engineering, and the time given to the 
work could well be reduced to three hours laboratory 
work a week for a year, with the conviction that even 
that is too much to waste. Habits of exactness and 
absolute honesty should be carefully cultivated and, 
as early as may be, the student should be obliged to 
work out his problems in his own way. 

The subject of Chemistry is one which can best be 
taught through the laboratory. I do not mean that 
the work should be entirely done there, as here 
again it is fundamental principles we are after. Every 
engineering student should do a certain amount of 
quantitative work as well as the general and qualita- 
tive chemistry necessary to prepare him for this. He 
does not need the large store of the individual facts 
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which he could obtain from an extended course in 
general and qualitative work, but he does need a cer- 
tain amount of manipulative skill to carry out quan- 
titative work, and this he can best get in the labora- 
tory. A careful individual class drill running paral- 
lel with his laboratory course, will give him sufficient 
chemical knowledge to prepare him fundamentally 
for his work as an engineer. In the quantitative 
work, the materials of any of the fields of engineering 
in general should be used for examples, as boiler 
scale^ brick materials, storage batteries, gas, leather or 
coaL Common sense applied to chemistry is what is 
wanted, as none of us will insist that the student 
should carry away from this work more than the 
ability to use his common sense for chemical purposes 
when need arises. As to the time which should be 
given to this work, six to nine hours laboratory work, 
with two hours quiz or recitation and an occasional 
lecture, should cover the ground. 

In Language, the work done in English should be 
thorough, largely by individual instruction, of the 
kind requiring the work to be done mainly by the 
student, and in amount at least equal to the minimum 
requirement for any technical degree now given in 
college. In modem languages it is not profitable to 
expend a large amount of time. The object of such a 
course for engineering students is to teach them to 
read rapidly and understandingly. No language study 
should be permitted beyond the amount required to 
accomplish the end, and when this is accompUshed 
the work should stop. 

One language properly taught is all that should be 
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required, and it should be done in the time equivalent 
to three hours for one year. There is little, if any- 
thing, which can be called education in such teaching, 
and it is the one place in the education of an engineer 
where training should take the place of education. He 
should be trained to read French, or preferably Ger- 
man, that he may be able to read it ; that he may use 
it as one would be trained to use a hammer to drive i 

nails. Anything more, while perhaps desirable from 
an educational, is not desirable from an engineering 
standpoint 

We have now, probably, disposed of one half the 
time available in a four year's course in engineering, 
and in this there is little if anything which should 
not be prescribed. This is as much the foundation of 
any other engineering as of a mechanical course, and 
to most of us who are engineers, not teachers sim- 
ply, the proper presentation of these subjects will 
make up for much that is not so desirable in the bal- 
ance of the engineering course. In the engineering 
work proper, the course can probably be divided into 
four distinct divisions, although they are all to a large 
extent interdependent. 

These are Drawing, Applied Statics, Applied Dyna- 
mics, and Specialties. Under the first of these, the 
writer would include all drawing-room work, begin- 
ning with the use of the instruments and ending with 
an engineering design of some kind, and requiring a 
considerable amount of work in the shops to complete 
it properly. Under the second head, should be in- 
cluded what is generally understood as mechanics of 
materials, kinematics and kindred subjects. Under 
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the third head, should be included such work as 
electro-dynamics, hydro-dynamics and thermo-dy- 
namics, from the standpoint of the engineer, includ- 
ing a large proportion of the laboratory work to be 
referred to later. Under the fourth head the writer 
would include such matter as a careful study, from 
all standpoints, of apparatus or plants which are well 
within the knowledge of the teacher, such as are 
commonly handled under the heads of steam en- 
gines and boilers, hydrauhc machinery, electrical ma- 
chineiy, etc. 

First, as to the course generally ; it can be laid 
down as a proposition which, it is beheved, cannot be 
successfully controverted, that the work done in an 
engineering college should be of the character which 
will benefit the student educationally, and that any 
other work should have no place in an educational 
system- The results to be obtained from such an 
engineering school is the development of engineering 
common sense. If this is successfully accomplished 
the results cannot fail to be satisfactory. 

Before taking up in detail the work above outlined, 
there is one matter which occupies about the same re- 
lation to engineering work that modem languages 
do to the balance of such a course as we are now talk- 
ing of. A short course should be given in engineer- 
ing nomenclature. It should give the names of the 
parts of machines in common use, their functions, the 
materials of which they are made, and how they are 
put together. This should cover the apparatus in 
common use, mechanical, electrical and hydrauhc, so 
that a student is rapidly trained to talk in the lan- 
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guage of American engineering. Such a course as 
this could be completed in two hours a week for 
one-half year, and would be well worth the time 
spent on it. If possible, a satisfactory text-book full 
of sketches should be used, and students be required 
to copy the sketches, as well as to sketch other 
similar pieces which may be in use in shops and 
laboratories. The sooner a student comprehends how 
a machine works, the quicker he can understand- 
ingly grasp the general principles on which it is 
made and operated. 

To come now to the course in Drawing. Work in 
the drawing room should continue throughout the 
entire four years of a course, but a student should be 
taught to draw in the first half year. He should first 
learn the use of the instruments, with absolutely 
nothing else to distract his mind. His work should 
be copy work, graded to cover the greatest use of the 
tools in the shortest time, and he should be obliged to 
do it as accurately as the teacher can himself Insist- 
ence on the absolute accuracy and neatness of the 
work, which requires great diligence from the teacher, 
will in a surprisingly short time teach a student how 
to draw. As soon as this much is accompUshed, the 
teaching of drawing, as such, should be at an end; 
inaccurate work thereafter should be rejected as a 
matter of course, and no excuse should be accepted 
for anything not well executed. This work can be 
completed in three hours for half a year. 

This should be followed by teaching the student 
how to draw objects, and here, in connection with, or 
in place of, descriptive geometry, geometrical drawing 
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and the proper method of placing drawings, making 
sections, etc., should be taught. This will probably 
take the balance of the year, say three hours a week. 
Lettering and figuring should be commenced during 
this year and continued, as a matter of course, there- 
after. In the second year, he should be taught what to 
draw for engineering work. He should be furnished 
with sketches, just as one would make them in the 
shop, lettered, figured and drawn as badly as such 
sketches generally are, with instructions, at first, as to 
the proper uses of the drawings he is about to make, 
and then required to make working drawings, and 
these should be carefully criticized as to their being 
best suited to the work which is to be produced 
from the drawing. He has been using such drawings 
in the shop and knows what they are for. He should 
be obliged to do a certain amount of tracing and blue- 
printing, and given a little practice in such points as 
shading, coloring, and generally making drawings to 
be used by others than engineers and mechanics, all 
in connection with making working drawings for 
sketches. 

The question may here be raised, why not al- 
low him to sketch first, and make the drawings from 
his own sketches ? A reason is that he has no idea 
what he is going to do with his sketches afler they are 
made. We are trying to teach him two things at 
once, one the proper method of sketches and one the 
use to which the sketches are to be put, and on which 
the method of making them depends, and he can ab- 
sorb one thing at a time better than two. The work 
above outlined, the using of the sketches, may take 






296 MECHANICAL ENGINEERING. 

three hours per week for a second year. It does seem 
that the making of sketches is postponed until late in 
the course, but the fact is that sketch making has been 
carried along from the beginning of his course, all 
descriptive work being illustrated by sketches, pic- 
tures in many cases, but in many others good me- 
chanical sketches without dimensions. The third year 
can be commenced by actually making sketches. A 
large machine tool, an engine, an actual boiler, any 
piece of apparatus in laboratories or shops may be 
used for this work. Let the students examine it and 
see it work ; then apportion the work so that the en- 
tire machine is covered without duplication, and 
make each man responsible for his own share. Then 
have the machine taken to pieces, the sketches made 
in a Hmited time, have the machine put together, and 
require working and assembly drawings. Two pieces 
of work of this kind which can readily be completed 
in a year, three hours per week, together with the de- 
sign work to be hereafter referred to, will teach a stu- 
dent to do all that is necessary up to the point 
where he can give his mind entirely to the production 
and designing of the apparatus he is studying. The 
work in drawing has now covered two years and 
probably a half, not over three hours a week, and 
hereafter the adaptibility and usefulness of the object 
drawn to accomplish its intended work should be the 
one thing looked after. The student by this time 
should be so far advanced in the parallel courses of 
study that the work in design can be satisfactorily 
carried on. By design is meant a careful study of 
existing machinery of the class dealt with, and an at- 
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tempt on the part of the student to utilize all the 
knowledge he has or can obtain in producing a satis- 
fectory design of apparatus to work under slightly 
different conditions. Slightly different conditions 
only should be insisted upon, as it is a minute study 
of existing machinery which should be attempted 
rather than an attempt to produce an original ma- 
chine on paper. 

It is here that the specialty of the teacher should 
be strongest. It is a matter of no moment whether 
an engine, a pump, a machine tool, a dynamo, or an 
engineering plant, is taken for the design, but, in 
whatever line the work is done, it should be handled 
as nearly as may be as an exactly similar problem 
would be handled in engineering works. How it is 
to be made, the minimizing of the cost of making 
and operating, etc., should have as much weight as 
the determining of the dimensions that it may do its 
work properly. While no one will claim that such a 
course of designing will teach a student to design, it 
will help to develop the critical faculty, that common 
sense which every engineer must possess in a large de- 
gree, and if the work is well done on the teacher's 
part, the results will be very satisfactory. With 
small sections and a teacher thoroughly understanding 
his busmess, this work can be well done in three 
hours a week for the latter two years of the course. 

Taking up now the second division of the engineer- 
ing work which has been called Applied Statics, the 
writer does not think an3rthing can be a better guide 
than Rankiue's ''Applied Mechanics" as to the ground 
to be covered, although it is hardly practicable to use 
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it as a text-book. With mechanical students the 
problems should be largely mechanical, taken fix)m 
actual practice whenever possible, ideal conditions 
should be kept as far out of sight as possible, and the 
actual problems which have to be met, used for ex- 
amples. The principles of statics and the theory of 
structures, can well be treated together. A student 
should be perfectly famiUar with the elementary prin- 
ciples of statics from his mechanics of physics. 
Graphical methods should be used to as large, or even 
larger, extent than with a student who intends be- 
coming a civil engineer. What is known as me- 
chanics of materials, or mechanics of engineering, can 
be put in such shape that four hours per week in the 
class, with two or three in the drawing room, will 
enable the work to be well done. This work should 
be taught by one who has had not only an engineer- 
ing education, but afterwards a practical, not coUege, 
engineering training. The proper relation between 
the book and the thing should be carefully observed. 
Formulas should be deduced last, the work should 
be with numbers continually, and exact results ob- 
tained. This particular division is fundamental, and 
every student should be obliged to master thoroughly 
this portion of the work. 

A similar but shorter course in hydraulics and 
kinematics would probably require three hours for a 
year, with three hours of drawing. When these 
subjects are taught by the younger men in a de- 
partment, the text-books should be strictly adhered 
to, and continuous drills be the method adopted. 
Every problem should be solved as though there were 
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no text-books from which to obtain formulas, and it 
should be the teacher's aim to see that the subject is 
understood. 

The third general division of the engineering work 
is Applied Dynamics, or perhaps it might be called the 
theory of machines. In thermodynamics, the laws 
governing the transformation of heat energy into me- 
chanical work, and similarly for electro-dynamics and 
hydro-dynamics, are of course the objects. The 
principles can well be taught from text-books, and 
the application later in the laboratories will clear up 
much that is hazy in the class room. The amount of 
time which should be given to these subjects is per- 
haps fourteen hours a week for one year. Here again 
the fundamentals are what are desired, the prin- 
ciple of the conservation of energy being the all im- 
portant consideration to be developed and impressed. 
The division of time will and should vary much with 
the text-books used and the personality of the teacher. 
Here again it is the engineering sense rather than the 
particular matter under discussion, which is to be de- 
veloped, and not that the student should know the 
formulas of thermodynamics. Give him, if possible, 
a real living knowledge of what takes place in a tur- 
bine, a steam engine or a dynamo, the effect of alter- 
ing details or methods of use, and he will be a better 
engineer. Make him think for himself, and to take 
nothing for granted which can be reasoned out, even 
if the professor of mechanical engineering does say it 
is so. 

In this connection much of the laboratory work 
will be done. The classing of shop work with labora- 
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tory work, as is often done, is unfortunate and it does 
not seem that, as now carried on, the two are done 
with the same end in view. 

Taking up the question of shopwork, how much 
time and what amount of prominence should be given 
to actual work in the shops? There is Ukely to be a 
very wide variation in the opinions of the different 
engineering teachers. Let us see what is the object of 
shopwork in an engineering school. Is it to make 
mechanics? It hardly seems possible, as the one 
element of doing the work at the least possible cost is 
not and cannot properly be taken into account in an 
educational system. If such is the object, it is an 
undesirable one and probably cannot be accompUshed. 
Is it to turn out men who can save a part of their 
later time as apprentices? Then it is not worth the 
trouble. Is it to make a boy handy? Then a very 
little of this class of work will serve most students. 
Is it to educate the hands as well as the brain? In 
many cases if a student can do satisfactory'' work at 
the forge, or at the machine tools, or at the pattern- 
maker's bench, we are apt to think our shopwork has 
been a success. 

Is it not a fact that satisfactory shopwork can be 
done without a particle of engineering education? 
One can train the hand to carry out many mechanical 
processes, but the real number of the fundamental 
ones in any trade is limited, and these may form 
legitimate portions of an engineering education. After 
this is done perfection comes by repetition. The 
combining of these processes ^\dth the aid of machine 
driven tools of any kind has little that is educational 
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in it. If then we want education from it, we must 
take it from the usual shop course and put it into the 
laboratory. 

To illustrate what is meant, suppose we have a stu- 
dent who has never worked on a machine lathe. He 
understands generally what the different parts are for, 
and has been through the process of centering, 
straightening and securing the piece for work, all of 
which may be educational. It is to be turned of a 
certain diameter for a certain length. Now what 
work has the student to do? To set the tool ; he gets 
it right once in ten times perhaps, because he never 
has had to and probably never will have to get it out 
economically. He uses his calipers for determining 
when the piece is of the right diameter and of the 
right length. The student's work is done; the 
machine does the rest of it. Now he is given a piece 
of brass to work on and is told that the latter should 
run differently, the tool should be ground differently. 
He again sets the tool, probably incorrectly, runs it at 
probably the wrong speed, gets it the right diameter 
and length and has an idea that he has done it. So 
he has, but he can never get pay for doing it that 
way. The fact is that there is not enough business 
back of it all. If he is to be taught forging beyond 
the frmdamental principles, let him take it as a spe- 
cialty and learn it properly, for what is often done 
by many of us is to make him handy at the forge, a 
tinker with an exaggerated idea of the value of the 
facility he has gained. 

It is not the purpose of this paper to go into the 
question ver}'' deeply, but the following is a statement 
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of the writer's views. First, there should be two dis- 
tinct classes of work done under the head of shop- 
work, one, that class of work which will be valuable in 
aiding a student in intelhgent designing, the other of 
the kind which will teach him how to determine the 
relative value of different tools for doing the same 
work. These can be illustrated by two examples. 
First, in a course of wood- working, such a series of ex- 
ercises should be devised as will give him in the 
shortest possible time the necessary skill to handle the 
tools and do a fair piece of work. At the same time 
require him to study such text as will make clear the 
reason why the tools he is handling are made of the 
material and in the shapes that they are. That is, while 
he is learning the use of the tools, he should be lajdng 
a foundation for a careful study of tools in gen- 
eral. As soon as a student has the ability to handle 
his tools fairly well, he should be required to take up 
a course in pattern making, and as soon as possible he 
should be required to lay out the work for himself 
This course should be fairly thorough and the result 
should be that in his designing work, the question 
" How is it to be made? " should be asked almost in 
the same breath as the question "How large must it 
be?" and should be just as intelUgently answered. It 
is doubtful whether more can be obtained from a 
course of shopwork in wood. A similar amount of 
work can be done in the other shops, with the distinct 
understanding that no work is to be done which does 
not teach the student something. We are still far from 
handling the question which we hope most of our stu- 
dents will have to handle in their actual work. The 
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question of whether it will pay to cast it or forge it 
cannot be handled satisfactorily in a technical school, 
and this with the answer to many other similar ques- 
tions must be obtained in engineering works. 

A student, however, can be taught how to determine 
such questions as the proper speed at which turn- 
ing or planing should be done to remove the most 
metal at the least cost with the apparatus at hand, 
to determine the best shape of cutting edges to do a 
certain class of work with the tools available, etc., and 
this is the class of work which is real laboratory work 
with shop appUances. Such work is as valuable, and 
may be made more valuable than almost any other 
class of laboratory work, and is the only legitimate 
object of a large equipment of machine tools in an en- 
gineering college. 

This latter class of work comes properly under the 
term laboratory work, and for the balance which is 
properly shopwork, the time allowed need not be 
over fourteen hours, or perhaps twelve hours per week 
for one year. This work should be accompanied by 
frequent recitations, or examinations if you please, and 
should have the same weight and seriousness as any 
other part of a course. 

To return to the laboratory work proper. The value 
of a course in laboratory work depends on how the 
work is done, rather than on what is done. Require 
a student to act on his own responsibility, not only as 
to the methods to be used, but even as to the details. 
Make him see that the apparatus is the right kind for 
his work, and that it is in proper condition. Any one 
can take readings if he has the proper preUminary 
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training already alluded to under the head of physics. 
Of course one would not care to trust banners to take 
readings of any kind without a reasonable amount of 
supervision, but this is a small portion of an engi- 
neer's work. His problems generally are the handling 
of new questions with unknown, and in many cases, 
with very poor apparatus. Laboratory work should 
be done in the way of setting certain problems to be 
solved. Say to the student "there is a laboratory full 
of apparatus, use your common sense to select the 
proper pieces for this work, see that your apparatus 
is properly set up, and report when you are ready." 
This work should all be done by one man, as divided 
responsibility means poor work somewhere. Then 
detail a certain number of observers, as few as possible, 
to assist until the work is done. Hold the experi- 
menter responsible for every portion of the details. 
Require every observer to obey implicitly the direc- 
tions of the experimenter, and the results will be more 
than satisfactory. There are two objections to be 
urged against such a method of doing work. The first 
probably will be that the student will do but Uttle ex- 
perimental work, in number of experiments certainly ; 
but in value he will get the full equivalent of the 
time, and it is not what experiments are made, but 
how they are made, that counts. How many of us 
have seen students enough around a machine to 
carry it away, after an instructor or an attendant 
had prepared it for a test? Each student works up 
results and believes he has made that experiment. 
No experiment is too large to be done under the di- 
rection of one student, and if assistance is required, it 
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should be merely mechanical ; his should be all the 
brains used. 

A second objection which may be made is, that 
this is an expensive method of procedure. That is 
true unless every piece of apparatus is utilized to its 
fullest extent. It means much wear and tear, and 
adds much to the difficulty of doing so-called scientific 
work in engineering colleges. Of course, it is not 
possible to give students complicated experiments to 
begin with, nor is it desirable. Take the large experi- 
ments, divide them into a number of separate parts, 
and require every student to do each part before 
handling the whole of it. It is not particularly de- 
sirable to work with large machines, and a large 
number of small, inexpensive ones will give more 
service in the way indicated than large intricate ones. 
The amount of time which can be well spent in this 
class of work will be perhaps fourteen hours a week 
for one year. 

Coming now to the last division of our engineering 
work, that which has been called Specialties, it is 
probable that most of us lay too much stress on the 
particular ones that we handle. The idea underlying 
this division of the work is to show how the prin- 
ciples the student has been handling up to this time 
can be rationally applied to particular lines of engi- 
neering work. If a man's specialty is electrical work, 
let his work require an exact study of electrical ma- 
chinery, the methods of producing it, the details of the 
designs, the economics in using it, and its application 
in the broadest sense. If it is steam engineering, let 
him assign the same close study of boilers and engines^ 
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carrying the work as far as the time at his disposal 
will allow. Bring it into his shopwork, his labora- 
tory work, into kinematics and thermodynamics, so 
that a student begins to realize the serious business 
side of the profession he has chosen. 

If the teacher's specialty is pumping machinery, let 
him use this in the same way, so that the course is 
filled with it from the beginning to the end, the idea 
being that it is far better to teach the practical things 
he really knows about, showing how engineering prin- 
ciples must be applied to bring success in one line, 
rather than to attempt to cover a number of lines of 
work of which he has no practical knowledge, and 
can only know second-hand that certain things should 
be so. For this work allow not over eight hours a 
week for one year, and this will fill in all the time 
one has at disposal in a four-years' course. 

This division of time is based on a course extending 
over four years, each of which includes thirteen to 
sixteen hours per week in laboratory, drawing or 
shopwork, as well as fifteen recitations, or lectures, 
per week, each of which requires at least an hour's 
work outside of college. 

In this no allowance has been made for thesis work, 
in the belief that it is simply a special piece of labora- 
tory work, and should be handled as such. 

No reference has been made to shop visiting, as it 
should be handled under the division of specialties. 
It may be done as follows: Not over two students 
are sent to any one place at the same time. Specific 
questions are given them to consider at each visit 
and definite reports on these questions are required. 
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their attention being specially called to the impor- 
tance of the matter under discussion. The students 
must think for themselves, because descriptions only 
are not satisfactory ; opinions and good reasons there- 
for are required. 

In a few cases, it is possible to increase the time to 
five years, and when this is the case, the additional 
year's work should be in that portion of the course 
which is not distinctly engineering. If it is found 
necessary to omit any portion of the work, no attempt 
should be made to reduce the hours given to the earlier 
divisions of the subject, but the divisions of the work 
should be omitted, beginning with the last. 

Before closing, a few words as to who should carry 
out such a course as is here outUned, may not be out 
of place. We are all prone to take bright young men 
just out of college, and attempt to train them to be- 
come engineering professors. This is a great mistake 
if their work is to be only with students, as they do 
not and cannot, see the college work in the proper per- 
spective ; to be good engineering teachers, they should 
have the corners rounded off by rubbing against men 
and things. It is wise, if such a man is desired as an 
assistant, to require him, or at least advise him, to re- 
duce his vacation to four weeks and use the rest of it 
in learning to be an engineer. 

Finally, the object of such a course is to develop 
men of sound engineering common sense, and of abso- 
lute integrity, who have such fundamental knowledge 
that they can enter any field of mechanical engineer- 
ing, and with the amount of industry necessary to suc- 
cess in any line, become successful engineers. 
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Herewith is added a table showing the division 
made in the body of the paper. 

Class. Laboratory. 

Hours. Hoars. 

Mathematics. . . . , • 10 

PhysioB 8 3 to 9. 

Chemistry 2 9 to 6. 

Eoglish 6 

Modem Laognages • 3 

Nomenclature 2 

1 (Drawing and Designing) .12. 

2 (Applied Statios and Graphics) 4 2 to 3. 

2 (Hydrostatics and Kinematics) 3 2. 

3 (Applied Dynamics, 14. 

3(Shop Work) 12tol4. 

3 (Lahoratory Work) 14. 

4 (Specialties) 8. 

Total , 54 54 to GO. 



TEACHING INDUSTRIAL APPLICATIONS OP 

ELECTRICITY. 

BY GEO. D. SHEPARDSON, 
Professor of Electrical Engineering, University of Minnesota, Minneapolis. 

The large number of students pursuing courses in 
electrical engineering makes it a living and perennial 
question, what will become of them? Is it to be ex- 
pected that as only a small proportion of the vast 
number of law students ever earn a livelihood 
in the legal profession, while the great m^ority use 
their legal education as a help to success in other pur- 
suits, so the majority of students in the electrical en- 
gineering courses will ultimately drift into some other 
occupation ? It certainly is true that many of the 
students in engineering courses have undertaken them 
without careful investigation of either their own fit- 
ness to become engineers, or of the path by which 
success may be acquired. Some are utterly unfitted 
to become engineers, having neither the abiUty, nor 
the perseverance. Some have the idea that if they 
are too lazy to be farmers, too slow and dull to be 
successful in business, or if they have not had and 
will not get education and culture enough to follow 
a so-called learned profession, they may become engi* 
neers. They may become threshing-machine engi- 
neers, but they would do better to save the time and 
money spent in trying to become what they were 
never intended to be. Others have been fascinated by 
the attractive experiments with electricity during 
their course in the high school or elsewhere, and, as 
they always liked to see wheels go round and sparks 
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flying, they would become engineers. Others argue 
that everything can be done quickly by electricity, 
therefore they will study the mysterious force and get 
rich and famous quickly. 

One of the early duties of the instructor is to give 
the prospective engineer as clear an idea as may be 
that, while there is some satisfaction and some advan- 
tage in being a good engineer, success comes only after 
long and thorough training. One must have a taste 
and talent in that direction ; must be able and wilUng 
to perform a great deal of hard and unromantic work, 
sometimes for twenty-four or even sixty hours at a 
stretch, must carry heavy responsibiUties, control men 
and work, do the work of th^ or four men at times, 
and "be up early and always at it." A plain talk of 
the above nature to those who are entering the course 
will be beneficial both in persuading some of the idlers 
and indifferent students to seek other spheres of ac- 
tivity, and also in inspiring the better studJBUts to 
more earnest and unretitting work. A common ex- 
perience is that engineering students, like others, do 
not realize the importance of thorough preparation 
until their technical course in the school is far along 
toward the close. The occasional non-resident lectur- 
ers will furnish excellent corroboration of the instruc- 
tor's advice by giving the students actual examples of 
what an engineer must be, bringing ideas fresh from 
the industrial world, and outlining some of the prob- 
lems to be faced and the methods of dealing with them. 
The present writer believes that the engineering stu- 
dents should be impressed early and often with the 
truth that engineering is a responsible and honorable 
calling that involves much hard labor and a thorough 
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preparation. With such a truth in mind, the students 
are not so prone to waste their time and opportunities. 
After the engineering student has mastered the 
physics of the freshman and sophmore years and has 
learned something of the general prin4>le8 and phe- 
nomena of electricity, he should be given some insight 
into its industrial appUcations* A satis&ctory method 
is to take up ihe phenomena in about the same order 
as treated in the class in physics, indicating the 
various purposes for which they may be utilized. 
Particular attention is given to actual appUcations, 
showing the steps of development, the present state 
of the art and manufacture as indicated by the 
latest information available. Numerous references 
are given to papers upon the subject, care being taken 
to include those of the current month or volume. 
With samples, pictures and mspection trips, the 
ground is covered with some satisfaction in a course of 
ten to fifteen lectures. The aims of this introductory 
course are to enlarge the vision of the student, to show 
that the two or three applications with which he may 
have been acquainted, are only a small part of the 
whole, that in many directions much has been learned 
and more remains to be discovered, that some fields 
are promising although apparently neglected, that the 
investigator finds many open doors for research, and 
that new processes or industries may be developed 
after much study and labor. From such an introduc- 
tory course, the student may obtain a better idea of the 
opportunities before him, he is assisted to some extent 
in choosing the special line of work for which to pre- 
pare himself, and he can follow more intelligently the 
development of theory and practice in the remainder 
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of his technical course. After developing this idea for 
several years, the writer is convinced it is wise to give 
the students a brief bird's-eye view of the whole field- 
of electrical engineering before going into details of 
any special branches. 

It is the general custom of the engineering colleges 
to give the students a considerable acquaintance with 
electrical engineering practice by judicious selection 
and use of apparatus in the laboratory, by study of 
actual problems in class and on the drawing board, 
and by occasional inspection tours. A helpful prac- 
tice that may not be so common is to encourage stu- 
dents to spend their vacations in factories, repair 
shops, electric light and railway power-houses, with 
contractors, or wherever else opportunity may allow^ 
in order to obtain some commercial experience. In 
some case it is advisable for students to spend an en- 
tire year in this way before their last year's work in 
the university. By this means their eyes are opened 
to the real meaning of their work and study, they ap- 
preciate better the true relation of their technical 
training to their Ufework, they naturally put much 
more eflBlcient study upon their class and laboratory 
work, and not the least, they exert a far-reaching 
beneficial influence upon their classmates and the 
junior students. 

The writer thoroughly beheves in combining the- 
ory and practice. Pure abstract theory is very good 
for some people and for some purposes. But for 
training an engineer who must deal with realities and 
not abstractions, it is essential to illustrate theory by 
practice that he may wisely guide his practice by 
theory, and then temper his theory with practice. 



A COURSE IN MINING ENGINEERING. 

BY REGIS CHAUVENET. 
President, Colorado State School of Mines, Golden, Colo. 

The subject is naturally divided into : 

(1.) Location and Equipment of the institution. 
(2.) Subjects and Courses. 
(3.) Methods of Instruction. 

While a part of this paper treats the matter from a 
general point of view, it will hardly be possible to 
avoid some special references to the Colorado State 
School of Mines, of which the writer has had charge 
since 1883. 

Before taking up any of the topics above indicated, 
mention must be made of the lack, in many applicants, 
of general education and scholarship, a lack which 
we are compelled to recognize as the great weakness 
of the engineering profession to^ay. 

There is no time in the technical college to impart 
general education, but there is time before entering it. 
This is no place for the discussion of the maze of 
modern methods and subjects. The object should be 
the power of apprehension and expression. The engi- 
neer who can best give form to his ideas, by speech 
or pen, will rapidly rise above his fellows. 

Experience has shown that the most successful stu- 
dents are those who come best prepared in English, 
and thus best equipped to acquire, whether from text- 
books or from the lips of the lecturer. A fair mastery 
of their own language should be made a sine qua non 
of admission for all appUcants. 

(313 ) 
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Examinations to determine this point are not easy 
to regulate without working injustice to some appli- 
cants. Locally our experience is that more than one 
third of each Freshman class fails to enter the Sopho- 
more year, and that these failures are to be attributed 
chiefly to lack of general training. A smaller number 
fail because of apparently inherent inability to grasp 
the elements of mathematics or descriptive geometry. 
Of those "quitting" in the first year, less than one 
third ever return. 

Such being the limitations, by no means confined 
to one school, of the material presented, we do not 
care to enter into a discussion as to ideal conditions. 
If our preliminary "roasting " is insufficient, as it seems 
to be, we trust to the next operation to remove the 
worst of the impurities. 

Location and Equipment. 

The location of a College of Mining is more impor- 
tant than its immediate equipment. In a broad sense, 
it is its best equipment, if it be a favorable one, while 
no equipment can be a substitute for mining and 
metallurgical environment. This statement applies 
more to a mining institution than to one of general 
applied science. A mining region remains such for 
centuries, and its accompanying smelting and reduc- 
tion works form a necessary part pf its commercial 
success. In a country whose chief interests depend 
upon the development and maintenance of mines and 
the treatment of ores, the very atmosphere favors the 
acquisition of knowledge of practical utility in such 
lines. To speak of the Colorado School alone, a mil- 
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lion dollars in equipment would be a poor exchange 
for its proximity to mills, smelters and mines of every 
variety, whose operations and methods serve, as the 
case may be, for examples or for warnings. 

As to local equipment, that is the most useful in 
proportion to cost, which has grown from actual and 
even pressing demands from year to year. It is safe 
to say that when great sums are expended in advance, 
serious errors will be committed in respect to the 
actual working value of the equipment purchased, and 
that undue relative weight may be attached to certain 
classes of equipment which subsequent developments 
may show to be superfluous. A fine thing, for ex- 
ample, is a museum of a quarter of a million speci- 
mens, classified and displayed. But it may not be so 
fine as ten thousand sp^imens in the hands of a cla^, 
lectured over, handled and tested. 

It is better for a student to make a sulphuretted 
hydrogen apparatus for himself out of an old pickle 
jar than to tap the gas ready-made from a pressure 
reservoir. 

A first-class equipment is not to be undervalued, 
but some aids to learning as presented at certain insti- 
tutions seem to remove all incentive to ingenuity on 
the part of the student. However, there can be Kttle 
divergence of opinion as to the more desirable points. 
Every institution which aims to give a mining course 
either has or has in view substantially the same appli- 
ances, whether in machinery, instruments, laboratory 
apparatus or collections ; these being taken for grant- 
ed, the topic may be closed by returning to the origi- 
nal statement that location is after all the chief factor. 
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Subjects and Courses. 

In a course in mining engineering, we include the 
whole of the metallurgical course. This being under- 
stood, the foundational studies of the course must be 
mathematics, chemistry, physics, mineralogy and 
draughting. 

These are called foundational because they can be 
acquired properly only during early years in school, 
while their appUcations may be, and have been, 
mastered after entry into active life. In the following 
details the courses are outlined as given at the Colo- 
rado School, by no means as model or ideal courses, 
but as the outcome of ten years' experience and trial, 
under certain limitations. 

Draughting may end with the Sophomore year, so 
far as instruction goes. Descriptive geometry should 
be mainly disposed of in the Freshman year. The 
draughting of the upper classes should be directly in 
the lines of machine design and metallurgical work, 
serving at once as instruction in these lines and as 
practice in draughting. Three hundred and seventy- 
five hours are given in the Freshman year, exclusive 
of descriptive geometry, and two hundred and twenty- 
five in the Sophomore year. The Juniors have about 
two hundred hours in designing ; the Senior work is 
not scheduled, but is always greater than in the 
Junior year. Lettering is practiced from the first, and 
of late free-hand lettering has been brought into 
a systematic course of instruction. 

No marks are given in draughting ; a plate is either 
accepted or rejected. A fixed number of accepted 
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plates must be handed in by each student. The 
schedule hours are often exceeded by individuals, who 
may remain in the draughting room after regular 
time, light permitting. 

General chemistry starts with the opening of the 
Freshman year. Physics naturally precedes chemis- 
try, but in a course which is to include metallurgy, 
chemistry cannot well be set later in the general 
course. Since, however, the mathematics of the 
Freshman year is needed in physics, the latter has to 
be assigned to the Sophomore year. This is men- 
tioned only as a local necessity, not of general appU- 
cation. Five lectures or recitations are given each 
week in general chemistry, the elements of the neces- 
sary physics being introduced in the earUer part of 
the course. It is not until April that the Freshmen 
«nter the laboratory for quaUtative analysis. They 
have about one hundred hours of this work during the 
term, also attending lectures on laboratory practice 
.and chemical equations, in addition to the general 
course which still continues. This total is consider- 
ably exceeded in the Sophomore year, the fall and 
winter terms being occupied by laboratory work in 
the afl;emoon, but the class drops the work in April, 
to resume it as Juniors the next fall, the hours still 
growing, so that it may roughly be given as follows 
for the entire course : 

Freshmen, general chemistry 200 hours. 

** leotoreson practice 20 '^ 

" laboratory practice 100 " 

Sophomores, " " 150 " 

Juniors " " 200 " 



Total 670 



(( 
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There axe in addition^ advanced lectures on chemi- 
cal theory, not included in this time schedule. In 
the B. 8. course, several hundred hours more are 
taken ; this is not given in detail, as not heing a min- 
ing course proper. 

For three of the five regular terms this course does 
not materially diifer from that ordinarily given in 
most colleges of appUed science. In the Junior year 
assaying is taken up, including much that would not 
popularly be so classed. Analyses of slags are made 
a specialty. Rapidity is cultivated as soon as this can 
be done without sacrifice of accuracy. Gravimetric 
methods are given for everything, but are not te- 
peated to a great extent in those cases where volumet- 
ric work can be substituted. The volumetric methods 
systematically taught, are those for silver, copper, lead, 
arsenic, iron, manganese, zinc and calcium. In fire 
work, each student checks on about two hundred as- 
says for silver and gold, though this number is usu- 
ally exceeded. For lead and copper a less number is 
accepted. 

As the number of commercial checks on hand usu- 
ally numbers several thousand, it is not difficult to 
keep a whole class busy on widely differing samples. 
Assays are never marked. They are either practi- 
cally perfect or they are absolutely rejected. Silver 
and gold assa}*s are done in batches of sixteen as a 
rule, copper by fours or sixes. The aim is to send 
students directly, as practical chemists and assayers, to 
mines or smelters, and this being finequently done 
brings, of course, swarms of applicants for this line 
of work alone. These, however, are declined, as are 
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applicants for any line of work except the complete 
course. The number thus refused admission annu- 
ally is somewhat over double the number admitted 
to the regular course. 

The course in mineralogy and geology is not con- 
tinuous, though this is a mere matter of convenience 
in schedule. Mineralogy runs through the entire 
Sophomore year. It occupies nearly two hundred 
hours, but as the amount of individual instruction is 
large, the class is divided into sections, except for gen- 
eral lectures- The work is very largely in the laborer 
tory, and as it is a "popular" branch, the hours in 
determinative work are often exceeded. There are 
many examinations, oral during the term, written 
at its close. Nearly all of these are examinations 
upon the actual minerala Collections include beside 
musem, "type" and "working" sets, crvstallographic 
classifications, local collections, and other special 
arrangements, some devised for the illustration of 
economic geology. Lecture models are in glass, lab- 
oratory models in wood. It is not thought necessary 
to particularize in mineralogy, as it is probable that 
the course does not differ from that of any institution 
at which as much or more time is devoted to it. 

Geology occupies three hours a week during the 
Senior year, exclusive of a considerable time devoted 
to field excursions; in fact, it is because the Senior 
schedule is adapted to greater allowances in this 
respect, that geology is assigned to it, though it is be- 
lieved that it should in any case be placed in 
that year. Collections of classified rocks are studied 
throughout the course, which is directed as far as pos- 
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sible to those questions relating to economic produc- 
tion, ore deposits, coal fields, and, in short, all topics 
bearing upon mining. 

The course in Mathematics being, as to ground 
covered, the same in nearly all of our technical col- 
leges, need not be discussed at length. In the more me- 
chanical portions, exercises in the use of logarithms 
should be given frequently enough to render the use 
of the tables a mere matter of course. The same may 
be said of the use of formulas. It is a very striking 
phenomenon to see, as we have all seen, how difficult 
it is for the average student to pass from the enuncia- 
tion of a principle to its simplest application. Try 
this for an example so obvious as to be almost ridicu- 
lous, and you will reaUze it with any class. For in- 
stancCjafter all the members of a class can solve a right- 
angled triangle, tell them that one boy stands just 
one hundred feet under a kite, and a hundred feet 
from the boy who holds the string. In a class of 
fifty there may be found from five to eight who 
will not be able to see any hypothenuse in the 
case. This suggests that it is useful to render simple 
apphcations famiUar as we go, not trusting too much 
to the student to see them at first for himself. There 
are few instructors who do not err in this respect, 
especially in their first attempts in class. The very 
common assertion that Uttle use is made in practice 
of much of the mathematics taught in the colleges is 
true ; but the reason for it is probably as much in the 
lack of clearly demonstrating the actual apphcations 
and insisting upon them as part of the work in class. 
It is, however, as a gauge of capacity that we would 
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more especially speak of the uses of mathematics. Two 
faculties inborn mark the man who will become a 
successfiil mining engineer. One we cannot measure 
in the college, the other we can. The first is that 
power of personal magnetism which enables the most 
ignorant man to serve as a medium for investment or 
enterprise. If he be honest it is well. If he be a Har 
it is better, for his career will be far more brilliant in 
the proportion in which there are more bad invest- 
ments than good ones. But the other faculty is ca- 
pacity for mathematics. It may be appUed or it may 
not, but it can be cultivated and gauged. Bare in- 
deed are those cases in which incapacity for mathema- 
tics is accompanied by great talent in anything else- 
In it, then, we have at once a study necessary and ex- 
ponential, a guide post, a map and a motor. Inscribe 
on your doors as did the Greek scientist of old, ''Let 
no one enter who is ignorant of mathematics." Grade 
by it. Accept in other lines the excuses of handicaps, 
of well-meant effort, of probable amelioration in the 
future, but let mathematics stand as the stem iron- 
clad monitor, uncompromising throughout the courses, 
whom to piass is indeed success. 

In passing from foundational to special work, we 
stop at the word "special" to speak of that much 
vexed individual who has become a question, the 
special student. First remarking that he no longer 
vexes us at the Colorado School, for we abolished 
him except as a post-graduate in 1891, it may be worth 
while to discuss him on general grounds for the bene- 
fit of those who wilUngly or unwilHngly still cUng to 
him. 
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The European idea of allowing students to '^special- 
ize" while in school is unsuited to this country. A 
boy must take a job which presents itself. He cannot 
often choose, and cannot rise from one position to 
another in commercial life, unless his training has 
been broad onough to enable him to accept varied 
work. Nor can a man be a trustworthy specisdist with- 
out the good judgment derived from a broad training 
in other branches. 

European students are usually so narrow as to be 
under a^temble handicp in any work o„«de of their 
specialty. Many have we met, and not a few of them 
trained in Europe, who will say "Amen." Briefly, 
then, before a man can become a '^ special," he must 
have something to "specialize" in. 

Locally, the abolition of special coursea met with 
severe criticism, and many prophecies of immediate 
faUing-off in students. Result, the doubUng of the 
number in two years, followed by a very decided rise 
in the standard of work and amount accomplished, 
atod finally a recognition of the institution by the min- 
ing and metallurgical interests, which testify to the 
improvement in method. In June last twenty-four 
were graduated. In August every one had secured 
some position^ several very good onas, some of course 
in humbler lines, but all were at work. 

A " B. S." course has been organized which omits 
mathematics in the Junior and Senior years, as well as 
those engineering lines requiring Junior mathematics, 
but devotes greatly increased time to chemistry. The 
work for this degree begins in the Freshman year, 
where a record of 90 must be shown in chemistry. 
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This must be maintained in the Sophomore class, to- 
gether with 80 in both physics and mineralogy. It is 
probable that few will take this degree, not because of 
the record required, but because those who can make 
such a record will also be good in mathematics and 
will take the E. M. degree. It has been found that 
to enter men for a non-mathematical finish was to 
guarantee failure, unless the material was exception- 
ally good. 

The relation of civil and mechanical engineering to 
mining engineering, and the amount of time that 
should be devoted to these subjects in a mining course, 
are questions not yet to be answered in full. It does not 
seem to be practicable, perhaps it is hardly necessary, 
to give what would be called full courses in the for- 
mer lines to mining students. Granting that it is our 
duty to prepare students for useful work immediately 
following their graduation, and still to give them a 
broad understanding and training in all the branches 
of their chosen profession, it remains to be seen in 
what way civil and mechanical branches are related 
to mining engineering, and then to lay stress upon 
these parts. 

The mining engineer who is required to lay out 
claims, make surveys of property and mines, or locate 
sites for plants of various kinds, must have a thorough 
course in surveying. As he may be called upon to 
take charge of hydraulic mining works, with their 
timnels, ditches and conduits, as well as to build tram- 
ways to mines in inaccessible parts, the surveying 
must be extended to embrace the planning, estimates 
and construction of these works. 
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A knowledge of theoretical and applied mechanics 
is as necessary to the mining as to the civil or mechan- 
ical engineer. The application of mechanics to de- 
signing should be carried out along the lines of civil 
engineering only far enough to make the student fa- 
mihar with the usual methods of construction; for 
this purpose complete designs should be made in tim- 
ber and iron of simple forms of roof truss and bridge. 
The course in dynamics should be followed by, or em- 
bodied in, a short course in machine design, including 
complete designs and working drawings of some sim- 
ple forms of machinery. With such preUminary work 
the student should be able to understand and make 
simple working drawings and be prepared to under- 
take intelHgently, during the latter part of his course, 
the design of the more difficult plants and works con- 
nected with mining and metaUurgj'. 

The mining engineer should have a knowledge of 
the properties of cements, mortars and building stones, 
and their methods of use in construction. Only the 
simpler forms of masonry structures and foundations 
should be taken up, but these thoroughly and with 
working plans and estimates of cost. A broad under- 
standing of hydrauUcs should be given, especially the 
parts relating to the flow of water in pipes, ditches 
and tunnels, the general theory of hydrauUc motors, 
extended to include water power development with es- 
timates and tests of efficiency. 

A knowledge of the theory of the steam-engine is 
necessary to the mining engineer to enable him to 
choose, from the various types on the market, that 
which will best answer his purpose. It is no less use- 
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ful for him to be able to remedy some of the evils of 
poor management in existing plants ; to this end the 
course should be as practical as possible, including the 
testing of engines and boilers, with discussions of the 
advantages and disadvantages of various types. 

Eecapitulating, we advise : 

SmreyiDg (recitations and leotnreB) 100 hours. 

" (field work) 280 " 

Theoretical and applied mechanics : 

Kinematics, dynamics, statics (lectures and recitations) 100 honrs. 

Machine design (lectures) .....30 " 

" " (drawing) 125 " 

Strength of materials (recitations and lectures) 75 " 

" " " (testing laboratory) at least 40 " 

Graphics (recitations and lectures) 30 '* 

" (drawing) 40 " 

Structural designing (lectures) 20 " 

" " (drawing) 60 " 

Masonry structures and foundations (lectures) 20 *' 

" " " (drawing) 30 " 

Hydraulics and hydraulic motors (lectures) 30 " 

" " " (drawing and laboratory) 40 " 

Steam-engine (recitations and lectures) « 26 '' 

" '' (boiler and engine testing, firing, etc. ) 40 " 

The above course of study and work should be ar- 
ranged to be taken as early in the general course as 
possible, thus preparing the student for a better under- 
standing of his own professional work during the 
Senior year. Much of the schedule given, however, 
comes almost necessarily in the Senior year, especially 
in its first half 

Coming to physics and electrical engineering, the 
instruction in physics should be similar to that given 
in mechanical or civil engineering. Optics and 
acoustics, however, are not dwelt upon to any great 

23 
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extent. The greater part of the time is devoted to 
mechanics, heat and electricity, as the growing impor- 
tance of the latter subject has rendered it necessary 
at probably every scientific or technical college to in- 
crease the hours devoted to it. 

Physics begins with the Sophomore year, four lec- 
tures a week throughout the year, and one entire 
afternoon of each week being given to laboratory work. 

The electrical engineering courses in transmission 
of power by electricity, and the laboratory course in 
electrical measurements, have been greatly modified 
to meet the requirements of mining students. Elec- 
tro-metallurgy, hitherto a neglected line in the col- 
leges, starts with a systematic course for the coming 
session. 

The increasing use of electrical power developed 
from water power has made the subject of electrical 
power transmission of great importance to the mining 
world. This application is in its infancy in Colorado, 
yet already more than 4,000 horse power is thus trans- . 
mitted at mines and mills. This subject is taught 
rather from the economic than the theoretical side. 
After fall discussion of the different sj^stems, practical 
problems are presented, with data drawn from act- 
ual cases arising in mining and metallurgical prac- 
tice in the State. The relations at various points of 
cost of transportation, fuel and other elements of total 
expense, are very fully given, and questions involving 
the comparison of steam, water, air and transmitted 
electrical power are freely discussed. 

So many of the students of the Colorado School 
have worked in mines or mills that it is a substantial 
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advantage to their classmates who have not had such 
practical experience to be associated with them. 
This comes out perhaps as much in the line now 
under discussion as in any other. 

Besides the ordinary work in electrical measure- 
ments, some time is given to making the simpler meas* 
urements by means of voltmeter and ammeter methods, 
measurement of faults and their location. If the su- 
perintendent of a mine or mill can instruct his dyna- 
mo-tender how to test for grounds and crosses, and 
how to locate these faults in a few minutes by means 
of station instruments, much valuable time may be 
saved. 

The Electrical Course proper as scheduled, will be 
here given ; the regular course for E. M. degree omits 
most of the battery work, and much of the designing 
in electrical machinery. The distribution of elec- 
tricity for lighting is also omitted, as is photometry. 
Transmission of power and the testing and discussions 
already given are as much for the mining students as 
for the candidates for electrical degree. The refer- 
ences to time are for the aggregate of the last two 
years of the course. Junior and Senior : 

Prinuuy and seocmdaxy batterie8( leotores and laboratories) S5 hours. 

Electrical measurements (laboratory practice) 50 

Designing of electrical machineiy 200 

Dynamo electrical machinery (lectures) 150 

" " " (laboratory) 150 

Electrical magnetism ( three fourths laboratory time ) . . . . 100 

Electric power transmission 25 

Photometry • 50 

Dynamo testing 40 

Transformers 25 

Distribution of electricity for lighting 25 

Shopwork 300 



328 MINING ENGINEERING. 

The electrical course includes part of the course in 
metallurgy and most of that in mining. It also 
takes in the whole of the course in hydraulics. These 
details are mentioned simply to indicate that the 
course is specially designed for application to mines 
and mills. 

The course in hydraulics and in steam engineering 
is so closely connected with the electrical, both in the 
general and electrical courses, that it is found dif- 
ficult to make the schedules entirely separate. 

It will be noted that much of the work described 
has so direct a relation to mining that it may be 
fairly said to form a part of it. The titular courses^ 
mining and metallurgy, have been reserved for the 
last ; these will be treated so far as possible apart fix)m 
their engineering features. 

It has been the custom in most American colleges 
of mining, until recently, to treat the subject of metal- 
lurgy almost wholly by lectures. For this there was, 
indeed, much excuse, the lack of good text-books be- 
ing notorious. This, however, can no longer be al- 
leged. General and special texts are now available, 
and systematic assignment of reading matter can be 
made, an advantage which will no doubt be Appre- 
ciated alike by professor and student. The lecture 
system will certainly not be abandoned, but each lec- 
ture will assume that all details given up to date by 
the text have already been mastered. 

The principle of broad training applies in metal- 
lurgical instruction. For instance, an engineer is not 
equipped to originate, improve, or do the highest 
class of work in lead smelting, unless he is acquainted 
with the metallurgy of iron and steel. 
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There are four main divisions of processes to be 
considered : 

Iron and steel. 

Smelting processes. 

Ore concentration. 

General milling and wet processes. 
Within each of these main lines the various pro- 
cesses are so intimately related that a detailed study 
of one or two makes it unnecessary to spend much 
time on the others. 

It does not pay to plunge into the details of pro- 
cesses until general principles and typical operations 
have been mastered. For instance : 

The effect of impurities. 

The principles of refining. 

Study of alloys. 

Thorough study of combustion and use of fuels. 

Refiractory materials. 

Furnace construction and classification. 

Classification of processes. 

Electrolysis and electro-metallurgy. 
Austen's Introduction to Metallurgy is a great help 
in giving a student this thorough grounding. The 
time required is not wasted, but more than saved in 
the rapidity with which processes are afterwards mas- 
tered. 

Lectures in metallurgy number in all about two hun- 
dred and forty, but it is essential to bear in mind that the 
reading matter is almost additional to this, and that 
examinations and tests have reference to both lecture 
and text matter. Trips to the typical plants of the 
regions are inseparable from the general scheme of in- 
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struction. The arc lantern is in constant use, over one 
thousand plans, details and working drawings having 
been put on slides, a collection which of course is con- 
tinually being increased and supplemented. This 
method, giving over twice the linear dimensions of 
the largest working drawings, has been found admira- 
bly adapted to the metallurgical lectures ; also, though 
not to so great an extent, to illustrating mining plants 
and surveys. 

Metallurgical design has already been mentioned 
under the general head of mechanical draughting. Its 
direction belongs to the chair of metallurgy. 

Mining as an art is merely the practical solution 
of the problem how to get there with the least ex- 
pense in the least time. Each locality has solved it 
for its own conditions. No single mine or single dis- 
trict in the world illustrates the entire art of mining. 
Most mines are operated by methods which have been 
evolved to meet local conditions. Sometimes these 
methods have resulted solely from the hard sense and 
business experience of the operators, who have paid 
little or no attention to the experience of other parts 
of the world. In other cases these resources are aided 
by the highest engineering skill, applied to the par- 
ticular needs of the district. To know the mining 
art of to-day, therefore, we must ransack the world 
for the best in each department. 

Usually, mining is done in the most simple and di- 
rect way, and with the least possible equipment. Any 
makeshift is adopted that will save money and do the 
work. 

Average western mining comprises a few simple 
operations, the elements of underground work every- 
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where. Only at a few isolated mines is it necessary to 
call upon the higher resources of modem engineering. 
It is a great help to the student to be famiUar with 
these standard operations while at college. Occasional 
visits to neighboring mines give this familiarity. If 
he can get an underground job during vacation it is 
an advantage, though such jobs are scarce and hard 
to find. 

The importance of such work, however, has been ab- 
surdly over-estimated. Opportunities for it do not of- 
ten occur until after college life and to men of much 
physical strength. The work of the common miner 
teaches but little of the broad knowledge required by 
a mining engineer. That little is rapidly and easily 
picked up after the student leaves college and begins 
practical work at a mine. 

There are nevertheless certain advantages in having 
begun a career by pounding a drill. One is the im- 
pression made upon the minds of mining men, who 
generally attach more importance to this record than 
to a diploma. The other is the acquaintance with 
and knowledge of common miners, which can be ac* 
quired only in this way. Usually the students step 
firom college in something better than tramming or 
drilling. It is therefore needless to begin at the bot- 
tom of the ladder, when a higher round is ofiered at 
the start. 

It must not be forgotten that nine tenths of all 
mining skill is the ability to find ore. This is parti- 
cularly true of mining for the precious metals. Own- 
ers and investors are unable to judge of technical 
abiUty, and judge by results alone. So long as the 
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mine is in pay ore it is quite immaterial whether the 
superintendent knows an ore chute fix)m a transit. 
The study of ore deposits is, therefore, the most impor- 
tant feature of mining education. This, however, 
cannot be well begun before the student has acquired 
a thorough knowledge of petrography ; he must be 
familiar with rocks and rock minerals in every stage 
of alteration and decomposition. 

The chief texts used in metallurgy and mining are : 

Austen's Introduction to Metallurgy. 

Peters' Copper Smelting. 

Eissler's Metallurgy of Silver. 

Rose's Metallurgy of Gold. 

Hofman's Metallurgy of Lead. 

Hughes' Coal Mining. 

Methods of Instruction. 

We are satisfied that the lecture system has been 
overdone. It is excusable only in the absence of 
proper text-books. Personal instruction is slow, and 
Ufe is short. Elementary details should be acquired 
by the student. The lecture and the individual in- 
struction in the laboratory or work shop should be re- 
served for points requiring elucidation after the text, 
not of points which the student should know already. 
The objecte then of personal instruction may be thi 
summed upi: To make difficult principles clear ; to 
select the grain from the chaff; to bring the student 
up to recent improvements in practice which may not 
have found their way into the texts ; to give the stu- 
dent an insight into the views and practical methods 
of an experienced professional man. 
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It may as well be acknowledged that the average 
student will not work steadily, unless held down to 
regular study of some text-book, and checked by an 
occasional " quiz " or written examination. 

The note-book question is important. Students are 
not advised as to the proper function of notes. It has 
been often said that very few students ever use their 
notes in practical life. The remark indicates a very er- 
roneous idea of the supposed use of the note-book. The 
use of notes is to aid the student in acquisition during 
term work ; it is not expected that he will compile a 
reference library for practice use. Notes are a great 
aid in review studies, also in recording matters not 
found in the text, but the student would do well to 
bear in mind that what he chiefly takes out of college 
is his brain, fortified by what he remembers of facts 
and principles, and he may about as well throw his 
note-book into the fire on graduation day. 

The lecturer is not fair to his class who does not in- 
dicate the matter on which it will aid them to take 
notes. Thus many students become slaves to the note- 
taking habit, trying to write down without discrimina- 
tion all that they hear, while others abandon the at- 
tempt in despair. 

In the chemical laboratory the most important part 
of personal instruction is the training of the beginner 
in proper laboratory habits ; in avoidance of waste of 
material and of time, and in the minor points well 
known to every working chemist. The students pay 
a fixed fee for chemicals, and for apparatus according 
to the amount broken. 

In draughting the instructor is always present, ready 
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to assist in cases of doubt or difficulty. In minera- 
logical testing the professor is present, but as the object 
is to identify species of elements with certainty, the 
only assistance given is to tell the student that he is 
right or wrong as the case may be, and if right he must 
give an account of his operations and reasoning. 

Examinations are frequent. Those at the close of 
the fall term are meant to determine for many stu- 
dents whether they can with profit continue in their 
grade for the reminder of the session. At these ex- 
aminations usually about one fifth of the Freshman 
class is dropped, though most of these leave in fact be- 
fore the actual test. About one tenth of the Sopho- 
more class is relegated to the Freshman year at the 
same time. It is thought to be far better to render 
judgment thus early in the second year, than to allow 
an unfit man to drag along without real profit only to 
be displaced at last. No student can enter the Senior 
class under conditions to be made up. 

Athletic sports are encouraged. The students are 
allowed their own organization which controls the 
gymnasium and all field sports. 

There are no printed rules, and very few rules of 
any kind, for the regulation of students. There are 
no punishments or penalties short of absolute dis- 
missal. A dismissal is final, but is a very rare event. 
Discipline, in the ordinary sense being unknown, the 
general conduct and order are excellent. 

These details of one mining course and institution 
are given to suggest discussion ; not as dogmatic dicta 
as to methods or courses. They are the outcome of 
certain requirements, coupled with several Umitations ; 
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a difierent condition would, of course, have produced 
another result. As the strongest deduction from the 
trials of a decade, the abandonment of special or partial 
courses must be mentioned. 

My thanks are due to Professors C. B. Stewart and 
L. C. Hill for data as to their courses in engineering 
and electricity respectively. I am especially indebted 
to Professor E. B. Kirby for remarks on the mining 
and metallurgical work and on methods of instruction. 

Discussion. 

Prof. Heinrich O. Hofman said that there were 
several points which occurred to him in this paper, 
which might perhaps be of special interest. The 
author said that location was of more importance than 
equipment. Of course, the location of a School of 
Mines in a mining district is important; when it 
came to metallurgical work the student may see 
metallurgical operations, but he can not do any of 
the work or perform any of the experiments himself. 
Therefore, it seemed to him that a properly equipped 
metallurgical laboratory is as much an absolute ne- 
cessity in a college of mining engineering in a mining 
region, as in one away from such a region. If the 
choice were given him between a good location and 
a laboratory, he should always prefer the laboratory, 
provided he had a summer school. There was an- 
other point, in regard to general chemistry. The 
author said that chemistry is taught by lectures and 
recitations, and that students enter the laboratory 
only when they begin their quaUtative analysis. At 
the Massachusetts Institute of Technology, laboratory 
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exercises come in connection with the general chem- 
istry, and seemed to him most important to aid the 
students in understanding chemistry. He thought it 
was not right to teach chemistry without taking the 
student right into the laboratory and putting him 
through a systematic course of chemical experimenta- 
tion. In regard to what the author said about no 
longer having special students in assaying, the speaker 
remarked that when he was in Colorado in 1883, some 
of his friends spoke to him in regard to the Colorado 
State School of Mines. This college had all the op- 
portunities of location, but had suffered a great deal 
by having these special courses, and became more suc- 
cessful only when it abolished them and really began 
a systematic course of teaching. In conclusion, he 
could not agree with the author of the paper on the 
question of notes. If the student, as soon as he was 
through the course, ought to throw his note-book into 
the fire as the best manner in which to dispose of it 
it must be the fault of the instructor in not teaching 
him how to make notes in the right way. 
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The mining and metallurgical laboratory, aa we un- 
derstand the term in this country, is a place in which 
mehanical and chemical working-tests are made on 
ores, fuels and furnace-materials. It is of quite recent 
origin. The first laboratory of this kind to be used in 
connection with teaching was put into operation in 
1871 at the Massachusetts Institute of Technology.* 
The idea had already existed in the mind of President 
W. B. Rogers when he wrote, in 1864, his pamphlet 
on " The Scope and Plan of the School of Industrial 
Science of the Massachusetts Institute of Technology ;" 
but several years elapsed and an extended visit to the 
mines and mills of Colorado, Utah, Nevada and Cali- 
fornia was required before this idea could take a form 
adapted to the purposes of original research as well as 
of instruction. The laboratory was given from the 
first into the charge of Prof R. H. Richards, who, by 
improving its methods and enlarging its scope, has 
brought it to the position which it occupies to-day as 
the leading representative of its class. Private labora- 
tories for making tests upon ores had previously existed 
here and there, especially on the Pacific coast, for 
silver and gold ores ; but in the educational field the 
Massachusetts Institute of Technology was the pioneer. 
To-day there is hardly a school of mines in this 

* R. H. Richards, Transactions American Ins^ute of Mining Engineers^ i., 400. 
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country that has not a more or less complete mining 
and metallurgical laboratory. In European mining 
schools there is very little laboratory teaching. Most 
of them are located in mining districts, where the stu- 
dents can personally see and engage in the practical 
work of mining, concentrating and smelting. Those 
which are in large cities, at a distance from mines, lar 
bor under a great disadvantage. The student only 
sees practical work when he makes an occasional visit 
to mining regions, and is otherwise left entirely to 
theory. It must not be inferred, however, that the 
location of a school in a mining district can make the 
laboratory superfluous. On the contrary, one who, like 
the present writer, has received his training in such a 
school, sees clearly afterwards how one-sided becomes 
the teaching in a mining district without the addition 
of such laboratory work. The instructor is only too 
liable to give most, if not all, of his time to elaborat- 
ing unnecessary details of the local methods, past as 
well as present, and to pass over with amazing celerity 
those branches of the subject not represented in his 
district. Yet even as regards local work, upon which 
he puts such undue stress, he is likely to be too 
theoretical, because not being practically engaged in 
it, or able to apply such tests as are furnished in the 
laboratory, he necessarily falls into too abstract a way 
of viewing the whole subject. The result is that his 
instruction tends to produce theorists, who speak with 
unwarranted assurance concerning the most diffcult 
problems which the engineer has to solve ; but who, 
if confronted with a simple, concrete quession, are at 
a loss what to do. 
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That this lack of laboratory training in German 
technical schools (which are among the foremost in 
Europe) is beginning to be reaUzed as a defect, was 
evidenced by the intense interest and careful study 
bestowed upon the subject by the commissioners who 
came to the Columbian Exposition two years ago. 
They did not hesitate to praise our system and to ex- 
press the hope that it might be adapted to meet their 
necessities on the other side of the Atlantic. 

The mining and metallurgical laboratory, then, as 
developed in this country, may be considered a neces- 
sary adjunct to every school of mining engineering. 
In it the lecture instruction is illustrated with practi- 
cal e:5periments, carried out by the students them- 
selves. But it has also a larger scope. By the method 
of experiment the student learns how to take hold of 
each problem as it presents itself and carry it through 
the different stages until it is, or the reason is dis- 
covered why it cannot be, satisfactorily solved. He is 
thus taught to observe closely, to make careful notes, 
to compare the results obtained and draw his own in- 
ferences and conclusions, and, finally, to report what 
he has done in clear and accurate language. 

In fitting up a laboratory we have to consider only 
the departments of mechanical concentration and met> 
allurgy. Practical mining can be taught only in the 
mine. Some schools (for instance, the one at Ballarat, 
Victoria, AustraUa) are provided with a model of fiill 
natural size, showing a shaft with the lode cross-cuts, 
etc. While this, apart from the question of expense, 
is an improvement on the small models formerly so 
extensively found at schools, it cannot but give a false 
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impression of what a mine really is. The practical 
study of mining, in this country at least, is carried on 
to-day in "summer schools." The students spend 
some time in mines, going systematically through the 
different kinds of work^ and thus becoming suflSciently 
famihar with mine operations to listen understand- 
ingly to lectures on the subject. It is the merit of 
Prof. H. S. Munroe, of Columbia College, to have 
given to the summer school of mining such an impe- 
tus that to-day there is hardly an American mining 
school without this auxiliary course. 

Before discussing in detail the equipment of a lab- 
oratory, it is desirable to consider the relation which 
the laboratory plant should bear, as regards general 
arrangement and the kind and size of apparatus, to 
the large-scale working plant of actual practice. A 
commercial concentrating works, for example, must 
treat daily a considerable quantity of ore, and must 
work cheaply, which can only be done if the machines 
are so connected with one another that the ore shall 
receive a minimum amount of handling after the 
work is once under way. In the laboratory, on the 
other hand, the work, being purely experimental, must 
be carried on, step by step, in a deUberate and tenta- 
tive way ; and it is therefore essential that the opera- 
tor shall be able to inspect the material under treat- 
ment before and after every operation. Consequently, 
the machines must be separate, that they may be easily 
accessible for starting, stopping, accelerating and re- 
tarding, and may be connected at will ; in short, that 
the work may be modified indefinitely under the im- 
mediate eye of the experimenter. A laboratory in 
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which this principle is neglected carries in it the germ 
of failure. • The writer was once connected with such 
an establishment, in which a full-sized ore-dressing 
plant had been erected according to the plan followed 
in commercial work, viz., the crushed ore was raised 
by a bucket elevator to a set of screens placed in a Une 
step-wise, one discharging into the other, and the sized 
products falling directly upon the jigs and the table 
below. Of course, a few tons of ore were quickly dis- 
posed of, but when the products obtained were ex- 
amined after the experiment, the observer did not 
know very much more than he had known before- 
Such a working plant may be of some value for ob- 
taining more adequate quantative results after all the 
necessary details have been determined by the use of 
detached machines, but it will do httle more than 
substantiate what has already been sufficiently proven. 
There are two opposite views concerning the kind 
and size of machinery proper for laboratory use. One 
holds that it should follow as closely as possible that of 
a working plant. The other maintains the superiority 
of somewhat different and smaller apparatus as better 
suited to experimental purposes, and also more eco- 
nomical. Having tried both kinds, the writer deci- 
dedly prefers the latter, especially for educational pur- 
poses, and is of the opinion that there are few mechani- 
cal questions to which a machine smaller than the 
coromercial size cannot give a satisfactory answer. In 
addition to economy, convenience, and other consider- 
ations, the saving of physical strain upon the student 
secured by the smaller apparatus is of importance. 
Fatiguing operations, especially for those unaccus- 
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tomed to the work, exhaust the powers and unfit the 
student for mental effort. 

The best size for the single machine can only be ar- 
rived at by repeated trials, which have now been made 
for almost all given cases, as will be shown later on. 

In the discussion of the details of a laboratory, it 
will be more profitable to start from the basis of an ac- 
tual working laboratory, whatever may be its defects, 
than from an imaginary perfect one. The laboratories 
of the, Massachusetts Institute of Technology, shown 
in plan in Fig. 1, may well serve this purpose. 

The following are the different rooms, pieces of ap- 
paratus, etc., referred to by numbers in Fig. 1. In the 
present paper numbers enclosed in brackets are to be 
understood as referring to this figure. 

1. Milling room. 22. Ore-bins. 

2. Blake Challenge rook-breaker. 23. Pounding block. 

3. ComiBh rolla. 24. Upright engine. 

4. Gates rock-breaker. 24.1. Morrell agate mortars. 
6. Hendrie>Bolthoff sample-grinder. 25. Dynamo, 50 V by 50 A. 

6. Iron sampling-floor. 26. Dynamo, 2 V by 60 A. 

7. Cornish feeder. 26.1. RcTolving barrel. 

8. Automatic feed-trough. 27. Depositing table. 

9. Bidhat^ SpUzlutte, 28. Leaching tubs. 

10. Coarse Collom jig. 29. Laiger amalgamating pans. 

11. Fine Collom jig. 30. Small amalgamating pans. 

12. Convex continuous round table. 31. Settler. 

13. Hendy Improved Challenge ore- 32. Tank. 

feeder. 33. Space to grow in. 

14. Stami>-battery. 34. Storeroom. 

15. Amalgamated plates. 35. Blacksmith's drilling-machine. 

16. Frue vanner. 36. Carpenter's bench. 

17. Biohards' movable sieve-jig. 36.1. Ball-mill. 

18. Water tanks. 37. Assay room. 

19. Steam-drying tables. 38. Students' desks. 

20. Bucking-plates and Taylor hand- 39. Pulp bahinces. 

crusher. 40. Muffle furnaces. 

21. Sampling table. 41. Crucible furnaces. 
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42. Stack. 64. Profeaaon' laboiatoiy. 

43. Iron table. 65. Table for electrolytic work. 

44. Balance room. 66. Experimental ifi^nto^it/te. 

45. Batton balonoee. 67. Chemical desks. 

46. Storeroom. 68. Hood. 

47. Storeroom. 69. Blow-pipe room. 

48. Furnace room. 70. Tables. 

49. Blaoksmith's forge. 71. Gases for apparatus, etc. 

50. AnviL 72. Sink. 

51. Blacksmith's table. 73. Library. 

52. Water-jacket blast-fnmaoe. 74. Bookcases. 

53. Fomaoe ore-bins. 75. Space to grow in. 

54. Brnckner roasting-cylinder. 76. Table. 

55. Copper refining fomaoe. 77. Professors' desks. 

56. Large hand-roasting reverberatory. 78. Lithogiaphic notes, etc. 

57. Roasting-stall. 79. Toilet room. 

58. Cast-iron kettle. 80. Lockers. 

59. Larger capelling fomaoe. 81. Basins. 

60. Small hand-roasting reverberatory. 82. Closets. 

61. Small cnpelling furnace. 83. Professors' room. 

62. Pot furnaces. 84. Stack. 

63. Space to grow in. 

These laboratories are located in the basement of 
the Rogers building, the main building of the In- 
stitute, and comprise the entire department of min- 
ing, engineering and metallurgy, with the exception 
of the lecture-rooms and collections. While at first* 
all the metallurgical work, including dry-assaying, 
was done in the room marked [48] and the milling- 
work in the space now covered by machines [13] and 
[16], there are to-day a separate furnace-room [48], 
an assay and balance-room [37, 44], a milling-room 
[1] and a blow-pipe room [69]. To these may be 
added two storage-rooms [46, 47], a toilet-room [79], 
a library [73] and the private laboratory [64] and 
office [77]. Upon closer inspection, it will be seen that 
the apparatus is pretty closely crowded. Although 

* R» W. Baymond, Statistics of Mines and Mining^ 1874, pp. 499 and 500. 
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there is some "space to grow" [33, 63, 75], and there 
are places near [1] and [33] still open, there is little 
room for additional permanent machinery, the avail- 
able space being necessary for erecting temporary 
apparatus and giving room to move about in. A 
laboratory built to-day with a liberal allowance of 
space and of fiinds would probably be planned some- 
what differently as regards general arrangement, and 
would also possess a larger amount and variety of ap- 
paratus. The work in it would be easier and could 
be more conveniently and quickly, but not better, 
done. 

In discussing the machines and furnaces, sufficient 
data will be given to enable the reader to form a clear 
idea of the relation M^hich the laboratory apparatus 
bears to that used in large-scale work. 

The apparatus of the laboratory is best classed 
under three heads, corresponding with its purposes: 

A. — CJoncentrating. 

B. — Sampling and Assay. 

C. — Metallurgica 1. 

A. — Concentrating Apparatus. 

1. Coarse Crushing. — ^Coarse-crushing is represented 
by the Blake Challenge rock-breaker [2], with a re- 
ceiving capacity of 4^ by 5 inches, and the Gates 
rock breaker [4], with a receiving hopper 12 inches in 
diameter. The machines are at a sufficient height 
above the platform to allow a wheelbarrow or bucket 
to be placed below the discharge. A pipe, connected 
with a small suction fan, serves to carry off the dust, 
if desirable. The Blake is used for crushing lump 
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Stamp-Battery and Amalgamated Plates. 



A Pair of Two-Sieve Collom Jiga, 
Fio. i. 



Bruckner Roasting- Furnace. 
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Wat«r-Jacket Furnace for Smelting Lead and Copper Orea. 
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9 for Pot-Melting, with Travelling Lift for Covers. 
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Laboratory AmutgamatiDg-FaoB. 
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Leoching-Tubs Arranged for Mechanical Stirring. 
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ore, the jaws being set IJ inches apart; the Gates for 
smaller sizes, the liners being set at ^ inch. The 
Dodge and Lowry crushers may be added to the 
plant if it is desired to crush ore more uniformly than 
can be done with the Blake or the Gates type ; but 
this will hardly be necessary for the testing of ores, 
although it might be useful for illustrating class work. 
The small Taylor hand-crusher [20] is very con- 
venient for breaking up specimens. 

2. Fine Crashing. — For fine crushing there are a 
pair of Cornish rolls, a stamp battery, a non-discharg- 
ing ball-miU, sets of pans, a ^mple-grinder, and buck, 
ing-plates. 

The Cornish rolls [3], 9 inches in diameter and 9 
inches in face, are of chilled iron, without the outside 
shell so common for large-scale work; are driven by 
direct and cross belt, and make 70 revolutions per 
minute. The pressure on the shding box is main* 
tained by springs. The rolls have a large feed-hopper, 
with adjustable discharge-slot, holding about 100 
pounds of quartzose ore. The crushed ore is directed 
by three converging pieces of sheet iron (a short, steep 
one at the back, and a long, flatter one on either side) 
towards an oblong opening, 5J by 27 inches, through 
which it drops into an oblong sheet-iron box, 14 by 
36 inches, of No. 22 iron, with sides 6 inches, and ends 
4 inches deep. The upper edges of all sheet-iron boxes 
or vessels used in the laboratory are bent around a 
J-inch iron rod to give them strength, and are painted 
with asphalt varnish. If the ore is to be screened, an 
oblong wooden screen-frame, 54 by 11 inches inside 
dimensions, made of 2^ by f-inch wood and closed at 

25 
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the upper end, is suspended in a slightly inclined po- 
sition from four iron (^^-inch) hooks from the wooden 
frame of the rolls, and oscillated by an excentric of 
1-inch throw and 200 shakes per minute, driven from 
the main shaft below. The ore drops upon a piece of 
sheet iron, 11 by 12 inches, in the upper end of the 
fi^me, passing over which it comes to the screen (54 
by 12| inches). Through this the finer parts fall into 
a sheet-iron box, while the coarser ones are carried 
over into another which adjoins the first The screens 
are fastened to the lower sides of their frames by means 
of angle hoop-iron and screws. 

The crushing capacity of the rolls per hour is 600 
pounds of quartzose ore to ^-inch size, or 300 pounds 
to J-inch, or 150 pounds to T;V-i^ch. While they serve 
their purpose for fine crushing, bs a preliminary oper- 
ation in ore dressing, yet, if ore is to be rolled previ- 
ous to chloridizing and leaching, Krom rolls are veiy 
desirable for finishing, the Cornish rolls serving in that 
case as roughing rolls. 

Roller mills, such as the Huntington, Griffin and 
Tustin, or discharging ball-mills, such as the Bruck- 
ner, while doing satisfactory work in dry and wet 
rolling, are better suited for the mill than the labora- 
tory, on account of the difficulty of cleaning up. 

The stamp battery [14 and Fig. 2] is of the Califor- 
nia pattern. It has the usual single-discharge mortar 
for wet crushing, but only three stamps ; the weight 
of the stamps is 228 pounds; the mortar bottom is 19f 
by 6 inches ; the depth 5 inches ; the discharge surface 
20 by 10|^ inches; the screen frame 21 J by 13 inches; 
and the screen surface 18| by 9^ inches. The cams 
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permit the lifting of the stamps to a height of 8 inches. 
The rate of crushing Nova Scotia gold quartz with a 
7-inch height of discharge, a length of drop of 5^ 
inches and 98 drops per minute is 3353 pounds in 
twenty-four hours, or 1 pound for every 4198 foot- 
pounds developed. With a T^inch drop and 60 drops 
per minute, it is 2117 pounds, or 1 pound for every 
5816 foot pounds. The coarsely crushed ore is fed to 
the battery by a Hendy Improved Challenge Ore- 
Feeder [13]. A double-discharge mortar, of which 
one side can be closed by an iron plate, will soon re- 
place the old mortar, so that in the laboratory it will 
be possible to do both dry and wet stamping. In 
planning a new mill a battery with three stamps would 
not be chosen. The choice would lie between a 5- 
stamp battery of hght stamps, say 300 pounds each, 
a 1- or 2-«tamp battery, the stamp weighing 750 
pounds, and a steam stamp. The 5-stamp battery has 
the advantage that the same number of stamps is used 
as in common practice. It would not be feasible to 
have a full size 5-stamp battery, as it entails too much 
work and requires more ore than is convenient and 
suitable for experimental work in the laboratory. The 
1- or 2-stamp battery with 750-pound stamps dropping 
in a narrow double-discharge mortar, one side of 
which could be closed at will, the discharge to be on a 
level with the base of the die and to be raised by 
chuck-blocks to 16 inches, and the stamps to have a 
length of drop of from 4 to 10 inches, would be very 
acceptable. The results obtained with it would re- 
semble very closely those of large-scale work. As to 
the desirability of a steam stamp for laboratory use, 
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the writer feels himself at present unable to express 
an opinion. 

The other fine-crushing apparatus, such as the ball- 
mill, the pan, the sample-grinder, the bucking-plate, 
etc., will be discussed under the heads of sampling 
and metallurgical apparatus. 

3. Sizing. — ^The sizing or sifting of ore is more te- 
dious in the laboratory than it is in the mill, because 
the screening surface is necessarily smaller, and aU 
sifting has to be done without the use of water. If 
there is only a moderate quantity of ore, the sizing is 
best done by hand on a platform covered by an iron 
plate [6]. Sieves with wooden firames fix)m 24 to 18 
inches in diameter, and iron or brass wire gauze hav- 
ing 4 to 20 meshes to the linear inch, are well suited 
for this purpose. With very small quantities of ore, 
nests of sieves with metal frames, 8 inches in diam- 
eter, and wire gauze ranging from 20- to 120-mesh are 
convenient, the screenings to be caught in a metal 
pan. With large quantities of ore the sifting has to 
be done by machinery, and the shaking sieves referred 
to above, are used for this purpose. There are fourteen 
of these, representing the sizes 2-, 4-, 5-, 6-, 8-, 10-, 12-, 
16-, 20-, 30-, 40-, 50-, 60- and 80-mesh. They sift per 
hour about 2000 pounds of 8-mesh ore, 1000 pounds 
of ore ranging from 14- to 30-mesh, 300 pounds of 50- 
mesh, and about 150 pounds of 60- to 80-mesh ma- 
terial. As this work is somewhat slow, it is better to 
do it in separate sizing boxes. Two incUned boxes, 
having screens of 3-, 10-, 18-, 30- and 60-mesh, and 4-, 
iB-, 14-, 24- and 50-mesh respectively, are satisfactory 
for the purpose. They are made of ^-inch pine, are 
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90 inches long, 18 inches wide and 5 inches deep, and 
have wooden covers screwed down on a felt band. 
They are oscillated 200 times per minute by an eccen- 
tric and connecting rod, which gives them an end- 
shake. The ore is fed into the hopper at the upper 
end, and drops on a piece of galvanized iron, whence 
it passes on to the first (the coarsest) sieve. What is 
too coarse to pass, strikes a dam at the opposite end 
and is discharged into a vertical spout at the side, to 
which a cloth bag is attached, through which it passes 
into a pail. It would seem as if the Coxe gyrating 
screen, which does such excellent work in sizing all 
sorts of minerals, might well be suited for laboratory 
purposes, either in the form of a single screen or a 
nest of screens. The trommels, as commonly em- 
ployed in large-scale working plants, are out of place 
in a laboratory. If a trommel is to be used, the poly- 
gonal form seems the most suitable, as the different 
screens could be easily adjusted and removed. It 
would be necessary in all cases to house the trommel. 
4. HydravXic Classification. — ^Hydraulic grading is 
done at present in the Institute laboratory only in an 
ascending current of water. Grading in a horizontal 
current of water, or SpUzkasteUy will shortly be intro- 
duced, as it has been proved to be indispensable for 
the successful working up of fine slimes. Now the 
fine sands and slimes are only settled, but not graded. 
Hydraulic classification is practiced with small sam- 
ples of finely pulverized ore, as a preliminary test be- 
fore working small lots. The samples are treated in 
the Richards pointed tube,* where the mixed sands, 

*T\rmkBatiumB American IfuUhUe of Mining Engineers, zxiv., 438. 
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held in equilibrium by an ascending stream of water, 
are by slightly slackening the current, drawn oflf 
slowly into the glass bulb, which, Avhen filled, is ex- 
changed for another. The contents of each bulb are 
then separately sifted through a nest of graded sieves, 
and weighed and examined to find out just how ef- 
fective the work has been, and what will be the best 
sieve size for the trial test. In working, the material, 
after it has been crushed to the proper size, is passed 
through the automatic feed trough [8], or the Cornish 
feeder [7], into a Richards SpitzlvMe [9], when the dis- 
charge of the spigot will go to the jigs [10 and 11] 
and the overflow^ either to the vanner [16] or the 
slime table [12], or first to the former, and as tail- 
ings, to the. latter. It is proposed to have the over- 
fiow, when worked directly on the slime table, run 
first over a SpiizkaMen, and then to feed separately the 
spigot discharge, thus insuring better work. Another 
way of using the Richards SpitzlvMe is to feed only 
carefully-sized ore, when the spigot in many cases 
will give clean heads and the overflow clean tailings, 
provided there are no included grains. The capacity 
of the Spitzlutte with a ^-inch spigot is about three- 
quarters of a ton of sized material to one ton of mixed 
material per hour. 

The automatic feed-trough and the Cornish feeder 
serve to convert dry pulverized ore into liquid pulp, 
delivering it to the Sptizhctte, the jigs or the slime 
washers. The feed-trough is of wrought iron, 10 
inches wide at the top, 3 inches at the bottom, and 7 
feet long, and is placed in an inclined position on a 
wooden trestle. On the inner side the trough is marked 
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off, SO that the same quantity of ore may be washed 
do\vn by the travelling jet in the same interval of time, 
which is usually one minute. The travelling jet is a 
|-inch iron pipe, pointed downward and fixed in a 
wooden truck, having two of its wheels on one edge 
of the trough and the other on a rail 3 inches away 
from the opposite edge. The pipe is connected by a 
rubber hose with the water main. The carriage is 
pulled up the inclined trough by a weighted cord run- 
ning over a pulley at the upper end of the trough to 
a shaft near the roof, around which it is wound once 
or twice and kept taut by the weight. To this weight 
is fastened a second cord, running over a pulley near 
the roof to the lower end of the trough, which serves 
to raise the weight and thus to lower the carriage. 
In order to prevent the rubber hose from obstructing 
the upward travel of the carriage and the even flow 
of the water, it is suspended from the rail by small 
grooved wheels, and the loops are replaced by 6 iron- 
pipe return-bends. Thus the suspended hose shows 
three zigzags, which are close together when the car- 
riage is at the lower end of the trough, and separate 
as it travels upward, but are held together at the 
upper ends by strings which do not allow them to get 
more than 24 inches apart. 

The Cornish automatic feeder is a four-sided trunca- 
ted pyramid of sheet iron. It is 24 inches high, and 
the bases are 18 and 12 inches square. To the smaller 
base are attached four legs, on which it stands in a 
sheet-iron box, 16 inches square and 6 inches deep, 
contracted at one end into a spout. The legs 
(pieces of angle iron) firmly connect the hopper and 
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the box, leaving the distance of J inch between them 
for the ore to pass through. This is charged into the 
hopper and washed down the spout by a jet of water 
playing usually between the walls of hopper and box, 
but occasionally (if especially quick feeding is desired) 
upon the ore in the hopper. 

5. Jigging. — The jigs in use for water sorting are 
plunger-jigs and movable sieve-jigs. The former are 
represented by two C!ollom jigs [10 and 11 and Fig.3], 
trsed for ores ranging from 80- to 5-mesh, the latter by 
a Bichards jig [17] for sizes larger than 5*mesh. 

The CoUom jigs are two-compartment machines. 
They are supported by a V-shaped iron frame on 
either end. The screen frames ai-e 12^ by 18^ inches. 
The length of stroke is adjustable to | inch and the 
number of strokes can be varied by the use of three 
step pulleys, 8, 10 and 12 inches in diameter, from 130 
to 180 per minute. The ore coming from the feed- 
trough, the feed-hopper or the spigot of the SpUzkajstm 
travels over the jig, while the tailings at the opposite 
end are collected and unwatered in a sheet-iron box. 
From this they are drawn at intervals, while the water 
which overflows, goes into the water tanks [18]. The 
jigs have no automatic discharge for concentrates, 
since, for the purpose of instruction and experiment, 
it is better to stop them every little while and skim 
oflf the different layers formed. The manner of work- 
ing, therefore, is the same as that of large-scale one- 
compartment jigs. The reason for having a two-com- 
partment jig is that "every machine, as far as practic- 
able, should have its guard."* Any middle product 

^Bichaidfl, 'DranMcuMwM American Institute ofMimng Engineer8j zxii., 701. 
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not remaining on the first sieve will be collected on 
the second sieve, and thus prevented from passing off 
into the tailings. The CoUom jigs here described were 
put in to replace two three-compartment Harz jigs for- 
merly in use, the screen frames of which, 16 by 12f 
inches, were much too small to do satisfactory work. 
The reciprocating motion was derived from an excen- 
trie adjustable to 2 inches, and the number of strokes 
could be varied from 100 to 200 per minute by four 
step-pulleys, 6, 7^, 9 and lOJ inches in diameter. 
The jigs had an automatic side discharge for heads. 

The movable sieve-jig serves to illustrate the lec- 
tures, to work ore coarser than 5-mesh, and to do the 
water sorting in graded crushing and jigging. The sieve 
frame is 14 inches wide, 22 inches long and 12 inches 
deep ; the ore bed can reach a depth of 10 inches. The 
rods of the screeen frame, f inch in diameter, are di- 
vided into two parts to facilitate taking the machine 
apart The two lower or jigging rods, 48 inches long, 
are forked at their lower ends and have an eye at the 
top through which passes a connecting rod, | inch in 
diameter, suspended from the upper or eccentric rods, 
which are 25 inches long. The eccentrics are adjust- 
able to 2 inches; the eccentric shaft is 51 inches long 
and If inches in diameter. It has a conical pulley 
with seven steps, its smallest diameter being 6 inches, 
its largest 8^ inches. The number of strokes per min- 
ute ranges fix)m 100 to 200. The counter shaft is 
placed 14 inches above the eccentric shaft, and the 
whole is attached to a strong wooden frame. The water 
tank in which the ore is jigged, U 33 inches long, 27 
inches wide, and 22 inches deep. Small boards ex- 
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tending from the sides into the tank serve aa guides 
for the screen frame. The hutch-work is drawn off 
at the sides ; the tank rests on a wooden box, and its top 
is 36 inches from the floor. 

6. Slime Washing. — Of the different machines in 
common use for working slimes {i.e., material not 
coarser than 30-mesh) only two are represented in the 
laboratory; a Frue vanner [16] and a convex con- 
tinuous round table [12], a greater variety being ex- 
cluded by the lack of space. 

The Frue vanner is of normal size, i.e., it has an 
inclined rubber surface 4 feet wide and 12 feet long. 
Either plane or corrugated belts are used. The nor- 
mal adjustment for full work in the laboratory (in- 
clination of belt 3 J inches in 12 feet, travel of belt 32 
inches per minute, and 195 shakes of 1-inch throw per 
minute) has to be changed, if the pulp flows directly 
from the light three-stamp battery upon the vanner, 
as the battery furnishes only about 1^ tons of pulp in 
twenty-four hours, while the normal rate of the van- 
ner is 5 tons. The simplest way is to change the in- 
clination to 2 J inches in 12 feet and to regulate the 
flow of water accordingly. If the vanner is to do full 
work, the pUlp from the battery is collected in the 
settUng tanks and fed at the required rate and with 
the necessary water by the Hendy feeder of the stamp- 
battery. In order to permit this, the connecting rod 
of the friction plate is replaced by an eccentric rod^ 
the eccentric of which has a 2-inch throw, and is on a 
small counter shaft near the ceiling. The counter 
shaft is driven from the upper shaft of the laboratory 
and makes 100 revolutions per minute. The ore 
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which is fed by the carrier plate is washed by a jet of 
water into a sheet-iron trough and conducted from be- 
hind the mortar into the ore spreader of the vanner. 

The convex continuous round table is 8 feet in di- 
ameter and has a slope of |-inch to the foot. It is of 
^inch sheet iron, painted with tar, sanded and rubbed 
smooth, and is supported by an umbrella frame. It 
receives its pulp from a fan-shaped distributor, which 
discharges against one side of a central cone, 14 inches 
high and 18 inches in diameter, and its wash water on 
the opposite side from a horizontal curved pipe with 
perforations on the inner side. The three products, 
tailings, middUngs and heads, flow into a circular 
launder. The compartments for heads and middlings 
are 12 inches wide and hopper-shaped; that for the 
tailings is 6 inches wide. The heads and middlings 
are drawn off at intervals into a pail ; the water of 
the heads compartment overflows into that of the 
middhngs, and the overflow of these into the tailings 
launder. The heads are washed off by jets of water; 
the middlings are spread in the usual way. The ma- 
chine treats from 1 to 1 J tons of ore per day. 

There are in the laboratory, of course, the ordinary 
implements for panning and vanning to check the 
work done by jigging and slime washing, and to assist 
in amalgamating operations. 

7. Electro-Magnetic Separation. — ^The magnetic sepa- 
ration of magnetite or of iron ore rendered magnetic 
by a preliminary roasting, is represented by a small 
Chase endless belt machine* placed near the tank 
[32]. This receives the waste water from a 6-inch 

* Tranaaetions American Ingtiiute of Mining Enffinters, xzi., 503. 
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Pelton water wheel which drives the concentrator. 
Many interesting data of magnetic separation are re- 
corded in the journal of the laboratory. It may be 
incidentally remarked that a small Pelton wheel 
forms a most satisfactory motor for any apparatus that 
is to be driven independently in a laboratory having 
water under pressure at its disposal. Of course, a 
pressure regulator is necessary to equalize the uneven 
flow obtaining in a city main. 

8. Dry GoncerUrcUion. — ^There are no arrangements 
in the laboratory for dry concentration. To make 
tests that would be in any way satisfactory would re- 
quire too much space. 

9. DistribiUion of Power and Waier. — The ma- 
chinery of the laboratory is driven by a 15-horse 
power upright engine [24] having a common slide 
valve. Its cylinder is 9 inches in diameter ; it has a 
9-inch stroke, and is usually run at 200 revolutions 
per minute. The main shaft. If inches in diameter, 
is on the ground floor and runs the entire length of 
the miUing room. Its position is approximately in- 
dicated by Nos. 1 and 3 in the plan (Fig. 1). It 
makes 240 revolutions per minute. Near the double 
ball-grinding mill [36.1] it is connected with the 
counter shaft of the same diameter placed near the 
ceiling. This also runs the entire length of the 
mill room along the center line of the Frue vanner. 
It makes 200 revolutions per minute. Thus the dif- 
ferent machines are set in motion either from the 
main or the counter shaft, the choice depending upon 
the location and direction of the belts. 

The large dynamo [25], an Eddy shunt-wound 
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machine of 50 volts and 50 amperes, is driven at the 
rate of 2200 revolutions per minute. It has a sepa- 
rate driving shaft, If inches in diameter, making 550 
revolutions per minute. The small dynamo [26], 
also an Eddy machine of 2 volts and 50 amperes, is 
connected with a counter shaft, and makes 1400 revo- 
lutions per minute. Electricity has so far been used 
in the laboratory only for the separation of ores and 
for the deposition of metals. For electric fusion a 
diflferently wound dynamo would have to be added, 
in order to secure the necessary amperage. 

The water required in the laboratory is received 
fix)m the city main, but is not conducted directly to 
the different machines, since there would be no regu- 
larity in the flow. It runs into the end compartment 
of the water tank [18], from the bottom of which a 
centrifrugal pump, 18 inches in diameter, deUvers it 
into a 2-inch main pipe running along the upper 
platform, on which are placed the machines Nos. 13, 
14, 18, etc. Two-inch tees supply the diflPerent ma- 
chines from the top of the main. By the aid of sepa- 
rate pipes and 3-way cocks the overflow from the jigs 
can be pumped upon either the vanner or the round 
table, the overflow of the vanner upon the table, and 
the contents of the settlings tanks upon any of the 
washing machines or into the sewer. 

10. Auxiliary Apparatus. — By referring to the plan 
(Fig. 1) and its legend, the different auxiliary appa- 
ratus used in ore-dressing and in metallurgical work 
can easily be seen. Prominent among these are, for 
instance, the steam drying-tables [19], on which the 

26 
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products are dried so as to permit comparison of the 
weights of ore before and after treatment. 

The plan does not show the thirty-odd large bins^ 
4 feet wide, 4 feet deep, and 4 feet high, for ores, 
fluxes, fuels, and intermediary products. They are 
accessible from the furnace room by two doors, and 
from the milling room by one door. 

B. — Sampling and Assaying Apparatus. 

Ore-sampling is generally done in the laboratory by 
hand. If it is desirable to do mechanical sampUng, 
only intermittent machines — those which take the 
whole of a stream of ore at stated intervals — are 
allowable. The small-size machines of Bridgman and 
Constant do good work. Ores are crushed in the 
rock-breakers and rolls and pulverized in the Hen- 
drie and Bolthoff sample grinder [5] or on bucking- 
plates [20]. Samples for analytical purposes are 
ground fine in four Morrel agate mortars [24.1]. 
The ores are all sampled by hand on the iron sam- 
pling floor [6] or on the samphng table [21]. Liquid 
pulp, fed upon or coining from washing machines, is 
passed through specially constructed automatic sam- 
plers (see e. g., Fig. 2). Samples from alloys are 
taken by chipping, punching, sawing and boring [35]. 
In laboratory instruction too little stress is apt to be 
laid on the sampling of ores and metallurgical pro- 
ducts. It is a most important and necessary part of 
the work, the whole of which is really invalidated if 
the sampling is inaccurate. 

Assaying, in its broadest meaning, includes the 
quick quantitative determination of any element or 
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compound met with in metallurgical work, embrac- 
ing not only fire assays, but also what is known as 
analjrtical work on solids, liquids and gases. In the 
Institute metallurgical laboratory, assaying is re- 
stricted to fire work (except as regards the parting 
of dor6 silver buttons or chlorination assays). All 
analytical work is done in the chemical laboratories. 
The assay laboratory has two divisions: the assay 
room proper [37], and the balance room [44]. The 
assay room has eight pulp balances [39], weighing 
accurately to 1 milligram with a load of 60 
grams, and six flux balances, accurate to 0.1 
gram with a load of 600 grams. They are dis- 
tributed among the students' desks [38], of which 
there are fifty. There are twelve crucible furnaces 
[41]; nine muffle furnaces [40], three of which have 
lately been erected in "the space to grow" [63]; and, 
lastly, an iron table [43] for hot crucibles, etc. 
Under the table is a shelf for crucible and scorifier 
molds, and beneath this are small bins for fuels. 
Along the side of the table are four posts, with anvils 
for breaking crucibles, hammering buttons, etc. The 
crucible furnaces are 27 inches high and 12 by 12 
inches in the clear. They are inclosed in wrought- 
iron plates, and thus firmly held together. The top 
of each furnace is horizontal, and is covered by a fire- 
clay tile, around which is shrunk an iron band, with 
two hooks riveted to it. The cover is suspended fi-om 
a wire cord passing over a pulley attached to the ceil- 
ing, a counter-weight being at the other end. 

The muffle furnaces are of different kinds and sizes. 
Five are Judson coke furnaces, two with muffles, 4 by 
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7 inches, closed at one end, and three Avith muffles 8 
by 16 inches, open at both ends; also, three coke fur- 
naces, with sheet-iron housing and fire-brick lining, 
having muffles 7 by 12 inches, closed at one end; and, 
lastly, one two-muffle furnace for bituminous coal, 
with muffles 6 by 13 inches, open at both ends. Oil 
and gas furnaces are not used. The draft for all the 
furnaces is furnished by one main chimney [42], 2 
by 3 feet, and about 80 feet high. 

The balance room contains one analytical balance 
and nine button balances [46]. The principal aim 
has been to have the leading makers, such as Ains- 
worth, Becker, Oertling, Troemner, and others, rep- 
resented. The balances are accurate to 0.01 milli- 
gram, with a maximum load of 0.5 gram. 

C. — Metallurgical Apparatus. 

While the various operations of the concentration 
of ores and fuels can be carried on in a school or gen- 
eral experimental laboratory so as to give practical 
results, the case is likely to be somewhat altered when 
it comes to metallurgical processes. If we take, e. g., 
a leading process, that of smelting in the blast-furnace, 
we cannot reduce the operations to a laboratory scale 
and obtain results which will serve as a guide for 
practical work. Nevertheless, smelting in the blast- 
furnace ought to be a part of the laboratory work, on 
account of its educational value. If a student receives 
for treatment a batch of ore, examines it mineralogi- 
cally and chemically, makes the necessary analytical 
determinations of his fluxes and fiiel, calculates his 
charge, smelts it and sums up his results by weighing, 
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assaying, and analyzing the products, he learns more 
about smelting than any amount of lecturing or cui-sory 
visiting of works can ever teach him. Only by taking 
hold himself and carrying a process through to the 
end, can he learn how to think metallurgically, and 
thus become really qualified to listen intelligently to 
what is taught in the classroom. 

There are, however, many metallurgical processes — 
such as roasting, amalgamating, leaching, electro-depo- 
sition and other operations — which can be performed 
in the laboratory on a small scale with trustworthy 
economic results. In fact, the engineer is guided, in 
the planning of amalgamating and leaching mills, by 
the results obtained in such laboratory experiments. 
This class of work should therefore have a prominent 
place in the laboratory. From what has been said, it 
A¥ill be evident that most operations relating to the 
metallurgy of iron and steel must be excluded. At- 
tempts have been made to imitate large-scale iron and 
steel work in the laboratory. For instance, the Shef- 
field Technical School, in England, has a small open- 
hearth steel furnace ; the Polytechnic School of Aix- 
la-Chapelle, Germany, has a small puddling furnace; 
but the writer, though not acquainted with the results 
obtained, is much inclined to doubt whether they will 
be found to justify the large outlay of time and labor 
involved. We must always keep in mind that it is 
not the province of an engineering school to perfect 
the student in any one branch of his profession, so 
much as to ground him in the fundamental principles 
upon which he is, later, to build for himself in detail. 

In the laboratory of the Institute the processes 
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chosen for instruction are those involved in the treair 
ment of lead, copper, gold and silver ores, and the ores 
of some of the minor metals, although it should be 
added that crucible work and other small-scale heat 
treatment of iron and steel, especially with regard to 
their physical properties, are not excluded. 

The furnace room [48] contains apparatus enough 
of various kinds to carry on all the necessary opera- 
tions, so arranged as to occupy as little space aa possi- 
ble. This forces a crowding of the furnaces ; but as 
the work can be so laid out that adjoining furnaces 
need not be used at the same time, less inconvenience 
results than might be at first supposed. The neces- 
sary draft is furnished by a stack [84] 2 by 3 feet, and 
about 80 feet high. A horizontal main flue, 3 by 3 
feet, running along three sides of the room — sometimes 
near the ground, sometimes near the ceiling, accord- 
ing to the height of the furnaces — collects the gases. 
Each furnace, however, can be shut off from it by a 
damper in its bran3h flue. Too much stress can 
hardly be laid upon the necessity of securing a strong 
draft. The main and branch flues should be large, 
and the stack of ample section and sufiicient height, 
so that it shall be possible to run each of the furnaces 
alone or any number or all of them together. With 
a well-fitting damper, it is an easy matter to cut off 
too much draft ; if there is too little, the result is fatal. 

1. Roasting. — For this purpose there are three rever- 
beratory furnaces and one stall. 

The large hand-reverberatory [56] covers 8 feet 2 
inches by 5 feet 7 inches, and is 4 feet 8 inches high. 
Its hearth is 4 feet 2 inches long and 3 feet wide, and 
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lies 9J inches below the top of the fire-bridge, which 
is 9 inches wide. The height of the 9-inch side-wall 
is 11 inches to the spring of the arch, the height 
of the arch 5 inches. The furnace has one working 
door, 14 by 9 inches in size, and 2 feet 10 inches from 
the ground. The gases pass off through three open- 
ings, 9 by 9 inches, in the roof, into a branch flue run- 
ning across the furnace and ending in the main flue. 
The fire-place, 2 feet 3 inches by 1 foot 9 inches, 
lies 16 inches below the top of the bridge, which is 
8 inches below the roof. It has a door 12 by 9 inches 
in size, and 2 feet 6 inches fix>m the ground. The 
fiirnace treats charges of about 250 pounds of pyritic 
ore. 

The outside dimensions of the small hand-reverbera- 
tory [60] are : Length, 8 feet; width, 2 feet 8 inches ; 
height, 5 feet. The hearth is 2 feet square and 6^ 
inches below the top of the bridge, which is 3 inches 
wide. The height of the 4J-inch side-wall is 8 inches 
to the spring of the arch, and that of the arch is 5J 
inches. The working door is 9 by 6 inches, and 2 feet 
10 inches fi-om the fioor; the fine running over the 
furnace is 5 inches square. The fireplace, 1 by 2 
feet, is 10 inches below the top of the bridge, which 
is 7 inches below the roof; and its door, 9 by 6 inches, 
is 2 feet 6 inches above the floor. The furnace works 
small charges, of say, 25 pounds of pyritic ore. 

The drawback of roasting in such small reverbera- 
tories is that the charge is liable to become too much 
cooled near the working door. If there had been 
more room, both roasting furnaces would have been 
constructed, like the reverberatory smelting furnace. 
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with the working door at the end and the flue just 
above it, the air necessary for roasting being admitted 
through the hollow bridge. It might also be an im- 
provement to have the hearth built in an iron pan, 
and so arranged as to permit its being removed, 
cleaned, and examined after an operation ; although 
this is not so necessary in roasting as in smelting. 

The third reverberatory roasting furnace, the Briick- 
ner cylinder [54 and Kg. 4], gives opportunity to 
study the behavior of an ore on a revolving hearth. 
The outside dimensions are: Length, 6 feet, and 
diameter 2 feet 8^ inches. The cylinder is of ^^-inch 
boiler-iron, and has a 2J-inch fire-brick lining. The 
throat is 12 inches, and the charging hole 8 inches in 
diameter. The cylinder, the axis of which is 3 feet 5 
inches above the ground, revolves on two irom friction- 
rings (35 inches in diameter) which rest on four 12- 
inch carrying rollers. One of the carrying-roller shafts 
(2yV inches in diameter) is rotated by a worm gear (62 
teeth of 1-inch pitch) at the rate of 20 revolutions per 
hour. The firebox is detached and rests on castor 
wheels. By removing the box backward or sidewise, 
the amount of air admitted can be increased. An ad- 
ditional improvement would be to make the throat of 
the firebox muffle-shaped, leaving that of the furnace 
circular. In order to have complete control over the 
flame, the grate (18 by 24 inches) is laid 20 inches be- 
low the bridge. The carbonic oxide gas generated is 
burned by warmed air entering the furnace just above 
the bridge, after having been forced through five fines 
in the side wall and roof of the firebox. The ash pit, 
8 inches deep, is closed and connected with a blast 
pipe. This furnace treats charges of about 200 pounds. 
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The stall [67], which completes the roasting appa- 
ratus, is commonly used for treating coarse copper-bear- 
ing pyrites previous to smelting in the blast fiimace. 
It is 3 feet 3 inches deep, 2 feet 3 inches wide and 3 
feet 7 inches high to the spring of the arch. The arch 
is 6 inches high. The walls are 4 inches thick and 
well anchored. The oar is roasted on a temporary 
grate of wrought-iron bars. The front is bricked up 
half-way, the upper half being closed by an iron plate 
with peephole. The charge varies from 1500 to 2000 
pounds, and a roast lasts from two to three days. The 
results in desulphurization are very similar to those in 
large stalls. The management of the stall affords a 
splendid lesson in the regulation of draft. 

2. Smelting. — Smelting is carried on in the blast fur- 
nace, the reverberatory furnace and the crucible fur- 
nace. 

The blast furnace [52 and Pig. 5] has had to undergo 
several changes before it reached the present satisfac- 
tory form. The first furnace, 18 by 15 inches at the 
tuyere level, was built of brick. It had one tuyere at 
the back, run with a " nose," the ore being charged 
towards the back and the fuel towards the front. It 
would last one day, or perhaps two days, and then had 
to be relined. The next furnace, 18 by 16 inches with 
three ordinary tuyeres, and charged in horizontal 
layers, burned out in less than a day. When provided, 
however, with one water-cooled tuyere at the back, 
projecting 8 inches, it was run successfully, and had 
to be relined only once a year. With this furnace 
ores were smelted for about six years, until, in 1884, 
the present one replaced it. This is a water-jacket 
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furnace, resembling the circular copper smelter in 
common use to-day. The height of the furnace, 6 feet 
6^ inches, is divided as follows : height of four hollow 
cast-iron columns, 17 Jinches ; thickness of annular col- 
lar, 1 inch ; distance to tuyeres, 1 foot ; diameter of tuy- 
eres, 2 inches, and height to feed door, 3 feet 10 inches. 
The diameter at the bed plate is 1 foot 5 inches ; at 
the tuyeres, 1 foot 6 inches ; at the throat, 1 foot 1 1 
inches. The furnace has a conical hood 2 feet 9 inches 
high and 25 and 1 1 inches in diameter, which ends in 
a vertical flue leading into the main flue. The feed 
door is 13 inches high, 14 and 9f inches wide. The 
water-jacket is of f-inch boiler iron and has a 3-inch 
water space. The feed water is supplied from the city 
main through a finch pipe near the top, the overflow 
pipe being tapped into the upper flange. There are 
four tuyere holes, lined with solid bored blocks of 
bronze. The tuyere pipes are of wrought-iron steam 
pipe; the horizontal arm has at one end a conical 
turned bronze nozzle, at the other a T, the vertical leg 
of which is connected by a pipe with the tuyere bag, 
and the horizontal leg, reduced in diameter by a bush- 
ing, is closed with a cap having a glass-covered peep 
hole. The bustle pipe is 4 inches in diameter. The 
bottom of the furnace is closed by a wrought iron plate 
clamped to the collar of the four columns. The cru- 
cible is lined with brasque tamped in solid from above 
to the level of the tuyeres, and then cut out from be- 
low into the desired shape, the lining reaching up to 
the tuyeres. 

In tapping the melted masses from the furnace dif- 
ferent methods were tried before the present one was 
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adopted. With an internal crucible and separate 
metal and slag taps the metal easily became cool; 
with an external crucible and continuous flow it cooled 
even more quickly. The present practice is to tap 
the melted masses into a small cast-iron overflow pot 
having the form of an inverted pyramid, 6 inches 
deep, 12J inches square at the top and 2 J inches 
square at the bottom. This retains the metal, matte, 
and foul slag, and is removed after every tapping by 
means of iron hooks inserted through rings on either 
side. The clean slag overflows into an ordinary coni- 
cal slag pot, 14 inches in diameter and 16^ inches 
deep. A detached carriage serves to take away the 
full pots and return the empty ones. A Devereux 
slag pot may in the future replace the arrangement 
now in use. The fumes from taphole and slag 
pot are drawn off* by a hood connected with a small 
fan. The furnace has a daily smelting capacity of 
about 6 tons of charge, not counting the fuel. It is 
not run, however, for 24 hours at a time. The fur- 
nace, warmed during the preceding day and night, is 
usually blown in at 8 a. m. and blown down again 
about 4 p. M. This period is sufficient to give the stu- 
dent all the instruction that he can get from carrying 
on a smelting operation on such a small scale. Longer 
runs would mean greater physical exertion without 
corresponding benefit. When a run is completed, all 
the products are carefully separated, and, if necessary, 
the matte adhering to foul slag or metal is separated 
by an additional crucible fusion, and thus a complete 
account of stock is taken. With the present arrange- 
ments the loss of metal in flue dust has to be arrived 
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at indirectly by difference. It is proposed, hoAvever, 
to save the flue dust, either by cooHng or filtering or 
by wet condensation, and thus to obtain direct figures. 
Three reverberatory smelting furnaces were once 
considered necessary to fill the wants of the labora- 
tory for agglomerating lead and copper ores, smelting 
lead ores, cupelling base bullion, bringing forward 
matte and refining copper. Two furnaces are sufii- 
cient. The English cupelling furnace [59] serves for 
the last three operations ; while the other two formerly 
carried on in a reverberator furnace (replaced to-day 
by the Bruckner cyhnder) will be taken up again 
when the copper refining furnace [55] has been re- 
built as a reverberatory furnace with movable hearth 
inclined from bridge to flue. The cupelUng furnace 
is of the ordinary pattern. The test is 18 by 24 
inches, and is wedged fast against the test ring ; the 
fireplace, 18 by 24 inches, is run with the under- 
wind ; the grate is laid low, 20 inches below the top 
of the bridge, which is 9 inches wide and 15 inches 
below the roof In order to bum the carbonic oxide 
gas formed, there is a special tuyere in the side of the 
furnace just above the level of the bridge. In addi- 
tion to the tuyere at the back of the hearth, there is 
a second one in the roof connected with a U-shaped 
pipe passing through the flue. Hot blast comes into 
play when a quick raising of the temperature is de- 
sired. The different kinds of reverberatory work so 
far practiced in this furnace, such as liquating drosses 
on an iron plate, softening and cupelling base bullion 
on a hearth of limestone and clay, concentrating matte 
and refining copper on a hearth of a mixturie of raw 
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and burnt fire-clay or closely fitted refractory tiles have 
been so satisfactory that the idea of a fixed hearth for 
laboratory purposes has been entirely given up. In 
the furnace 150 pounds of base bullion, assaying about 
150 ounces of silver per ton, are cupelled in 6 hours, 
or 200 pounds of black copper are brought through 
the difierent stages to tough pitch copper in 7 hours. 

The plan [Fig. 1] shows a small cupelling furnace 
[61], which is used sometimes to refine impure silver 
fix)m the Enghsh cupelling furnace in quantities 
larger than can be satisfactorily treated in one of the 
mufile furnaces. It has a small fireplace, 8 by 14 
inches, and 15 inches deep, the flame rising from 
which strikes the fire-clay tile forming the roof, and 
is deflected so as to strike the silver (placed in an oval 
cupel-test, 8 by 14 inches, and 2 inches deep, filled 
with bone-ash). 

Crucible work is of considerable importance in a 
metallurgical laboratory, as it is not only adapted for 
independant experiments, but serves to bring into 
suitable form the difierent mixed products obtained 
in the processes carried out on a larger scale in the 
laboratory. Small crucibles are commonly heated in 
the assay furnaces ; for larger charges there are two 
pot furnaces [62, and Fig. 6], worked with under 
wind. They are fourteen inches square and 23 inches 
deep; the blast is introduced through the ash-pit 
door, and the ash-pit is 9 inches deep. A furnace 
holds conveniently a No. 35 graphite crucible. 

3. Distillation and Sublimation. — Both tliese opera- 
tions are of subordinate importance in laboratory 
work. Distillation of mercury is carried on in half- 
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pint and one-pint bulb-retorts, which are heated over 
four-tube Bunsen burners. The delivery pipe is cooled 
by suspending from it an iron trough filled with cot- 
ton waste, which is kept wet. Reduction of zinc 
oxide or sublimation of arsenic, realgar, and sulphur 
are rare operations, and no special apparatus is as- 
signed for this purpose. 

4. Orystcdlizaiion. — ^The principal process coming 
under this head is the Pattinson process, for which a 
cast-iron kettle [68] is used, 21 inches in diameter and 
14 inches deep, covered with a hood and heated by a 
fireplace 21 inches square. This kettle is rather 
small for the Pattinson process ; it is the one in com- 
mon use for deliverizing argentiferous lead by the 
Parkes process, and for melting and liquating, in gen- 
eral, readily fiisible metals and alloys. 

5. AmalgaTnation. — ^The process of amalgamation is 
especially well adapted for laboratory work, since 
small-scale experimente give results directly applicable 
to large-scale work. The different appliances for treat- 
ing gold and silver ores in this way are therefore well- 
represented. There are a stamp-battery, a ball-mill^ 
two revolving barrels and a number of pans of differ- 
ent sizes. 

The stamp-battery, as a pulverizer, has already been 
described under the head of fine crushing. In using 
it for the amalgamation of gold ores, the arrangement 
and management of the* copper plates (see Fig. 2) dif- 
fer from those of large-scale work in having 9 small 
plates, 24 fcy 1 1 inches, and ^V i^^ch thick, laid cross- 
wise over the apron table, one overlapping the other,* 

* Richards, TranMctiana American Institute of Mining Engineers, viii., 362; 
Technology Quarterly, iii., 45; Editorial, Engineering and Mining Journal, 
April 12, 1890, p. 418. 
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instead of a single large sheet of copper, and also in 
not having inside plates. By having several outside 
plates, and cleaning them up separately, it can be 
seen how the gold saved decreases with the distance 
fix)m the mortar discharge, and the required length 
of plate can thus be tetermined. In order to prevent 
absorption of gold by the outside plate, it is coated 
with silver amalgam. On an inside plate this would 
be scoured oif and gold would be absorbrd by the 
copper, thus violating the test; hence inside plate& 
are not recommended. 

The ball-mill [36,1] is used for grinding and am- 
algamating small lots of gold ore and for cleaning up 
the battery residues. The plan shows a circular cast- 
iron [f-inch] plate, 22 inches in diameter, on either 
end of a horizontal shaft, 2 inches in diameter and 27 
inches long, in the center of which is the driving 
puUy, 20 inches in diameter. To each plate is bolted 
a flanged cylindrical box (7 inches deep, 17 inches in 
diameter and 1 J inches thick), having a 4-inch charg- 
ing hole opposite the shaft, to be closed by a wooden 
bung, and a l^-inch discharge opening, to be closed 
by a screw plug. From thirty to forty 1 J-inch steel 
balls do the grinding. The mill makes 48 revolutions 
per minute, and works two charges of 15 pounds of 
ore in about ten hours. 

The revolving barrel [26.1] serves for amalgamating 
without grinding, as well as for leaching. Its general 
arrangement is similar to that of the ball-mill. To 
either end of the horizontal shaft, 1^ inches in diam- 
eter and driven by a 20-inch pulley, is attached a 
wooden cylinder, 7 inches in diameter and 1 1 inches 
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long, made of |-inch staves, which receives a 2-quart 
glass-stoppered fruit jar, made tight with a rubber 
washer and screw clamp. The jar is packed with 
felt into the wooden frame. The shaft makes from 
20 to 25 revolutions per minute. Small lots of ore, 
of 1000 grams, more or less, are worked in about 
eight hours. 

There are ten amalgamating pans [29 and 30, Figs. 
7 and 8]. Three of these are accurate copies, in re- 
duced size, of those used in practical work. They are 
30, 18 and 12 inches in diameter, have sides 12, 8, and 
6 inches deep, and discharge into a 30-inch settler, 12 
inches deep, making 15 revolutions per minute. They 
treat charges of 250, 30 and 20 pounds, respectively, 
in from five to eight hours. The other seven pans 
[Fig. 8], especially constructed for laboratoiy experi- 
ments, are only 7 inches in diameter. Three of these 
are of copper ; the others of iron. The pan has a solid 
central core and no dies ; the muUer and shoes are 
cast in one ; the pulp is prevented fi-om settUng on 
the core and sides by adjustable scrapers. The muUer 
can be raised or lowered on the driving shaft, which 
is driven from above and easily thrown in and out of 
gear. The pans are heated by Bunsen burners. The 
muUer makes 90 revolutions per minute, and the pan 
works charges in three or more hours. The reason 
for choosing such small-sized pans is that in one day's 
work two students will finish without outside help a 
set of experiments. They start, for example, in the 
morning, four pans with the same ore, treat it in four 
different ways, and finish the cleaning up in the after- 
noon. A larger pan or a pan of a more complicated 
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construction will not permit this. In cleaning up, a 
large-sized Spitzlutte, 3|-inches in diameter and 13 
inches high, with a f-inch water inlet-pipe is com- 
monly used, as it does quick and effective work. 

6. lAxiviaiion. — ^The leaching of ores and inter- 
mediary products can be done in the laboratory in 
stationary vats by percolation, or by mechanical stir- 
ring, or in revolving barrels. For leaching by perco- 
lation there are two forty-gallon vats (not shown in 
the plan, Fig 1), of wood hned with lead. These will 
be replaced with sheet-iron vats poured with ijaelted 
roofing pitch. For leaching in stationary vats with 
mechanical stirring there are three sets of S-gallon ves- 
sels [28 and Fig. 9], of glazed earthenware, 12 inches in 
diameter and 14 inches deep. The wooden stirrers, 
with their iron driving shafts, make 75 revolutions 
per minute. For leaching in a revolving barrel the 
same apparatus is used as for amalgamation. Gold, 
silver, and copper ores are commonly, and zinc and 
nickel ores occasionally, treated by wet processes in the 
laboratory. 

7. Electro-MetaUurgical Work. — ^Electricity has so 
far been used only for the refining of silver- and gold- 
bearing copper. The large depositing table [27] holds 
the electrolytic baths. They are of wood pulp poured 
with melted roofing pitch, of glass, or of earthenware, 
as the case may be. No definite sizes have been, so 
far, adopted, but electrodes are usually made 7 by 10 
inches. The current is furnished by the dynamos al- 
ready referred to ; thermo-piles and storage batteries 
are not in use. 

27 
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D. — Conclusion. 

It is somewhat difficut to estimate the cost of the 
laboratory apparatus, because one thing has been put 
in after another, and alterations have been frequently 
made. It could probably be duplicated for about 
$15,000. The annual cost of running the laboratory, 
excluding wages, fuel and power, is $1,200. 

That it is conducted in connection with class room 
work, and not independently, need hardly be men- 
tioned. With the school courses of the fourth year 
the students are thoroughly trained in the laboratory, 
their work there supplementing and illustrating the 
lectures. The last term is largely devoted to the 
working up of theses, which are always founded on 
laboratory experiment. While the student does not 
handle every apparatus, he sees most of them in opera- 
tion. Every Saturday each student makes, before the 
assembled class, an oral report of his laboratory work 
during the past week, and its continuation for the 
coming one is discussed and laid out. The whole 
class thus gets the benefit of the work of each indi- 
vidual member. The time devoted to laboratory 
work is 325 hours, and to class room work, including 
preparation, during the same year, 225 hours. The 
most satisfactory arrangement would be to have dur- 
ing the entire year two days a week for laboratory 
work. One of these should be uninterrupted for 
making a complete experiment ; the other might be 
divided into two half days. 



Secbetabt'b Note. — By conBent of the Council, this paper has 
also been presented before the American Institute of Mining Engi- 
neers. 
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Discussion. 

The President said that this suggested to him that 
there were two departments not sufficiently repre- 
sented in this Society, mining engineering and electri- 
cal engineering. He believed that these two classes 
would profit by a better representation just as much 
as those which were abeady in. The papers which 
were read on Monday would apply as well to one 
as to another. He hoped that all present would use 
their influence to bring in their colleagues interested 
in other lines, as well as those in civil and mechanical 
engineering. 

Prof. John B. Johnson made an explanation of the 
presentation of a paper here that had been already 
read before another Society ; it was by special request 
and consent that this was done. It was of equal in- 
terest to both, and for publication this Society could 
have the benefit of the cuts which have already been 
prepared. 



A COURSE OF INSTRUCTION IN ENGINEERING 

MATERIALS. 

BY J. B. JOHNSON. 
Profeflsor of CiTil EngineeriDg, WashiDgton UniTersity, St. Lonis, Mo. 

A thorough and systematic course of instruction in 
the strength of engineering materials, one-half of 
which should consist of laboratory work performed by 
the student himself, must now be regarded as abso- 
lutely essential to any fairly adequate college course in 
any Une of engineering. No engineering design can 
be rationally planned and executed without this 
knowledge, and the only reason why this work has 
not always had due prominence given to it by the col- 
leges is simply because the knowledge itself is only 
now coming to be so coordinated and formulated as to 
be scientific and therefore teachable. The engineer's 
traditional " factor of safety " has been largely a factor 
of ignorance of the nature of his materials, and there 
has recently been, therefore, the greatest opportunity 
here for advancing the theory and practice of engineer- 
ing. This opportunity has been embraced and the 
field occupied by hundreds of investigators, to the end 
that we are now in a position to teach to our students 
a great deal that is thoroughly scientific, which will 
very greatly lessen this " factor of ignorance " which 
engineers have so long been accustomed to employ. 

In the opinion of the writer, an adequate course of 
instruction in this subject should now embrace the 
following : 

(a). A review of the principles of mechanics. 

(384 ) 
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(b). A study of testing machines and of methods of 
testing the strength of materials. 

(c). A concise classification of the ordinary engineer- 
ing materials and their methods of manufacture. 

(d). Laboratory tests by the student of the strength 
and other qualities of the more common engineering 
materials. 

Such a course should run for a year with three 
hours a week, one half of this time being given to lec- 
tures, (or recitations if a satisfactory text can be 
found), and the remainder to experimental work in 
the testing laboratory. While it is not essential that 
the course should closely follow any prescribed lines, 
the writer offers the following as a fair illustration of 
the quantity and quality of the work to be done. 

(a) A Review of the Pmiciples of Mechanics. The 
mechanics now taught in technical colleges, as it re- 
lates to the strength of materials, applies only inside 
elastic limits and when friction is wholly neglected. 
This leads to sorry work when we come to apply the 
formulas to the strength of materials beyond the elas- 
tic limit and at rupture. Furthermore, there are 
several subjects not adequately treated in the text- 
books on mechanics. 

Such matters as resilience, the relation of impact 
to static tests, the absorption of kinetic energy or 
vis viva^ or of the quiescent energy or work of a test- 
ing machine on a specimen, within and beyond the 
elastic limits, the distribution of the absorbed energy 
through the mass of the specimen in various kinds of 
stress, and the resiUence of the body when the distort- 
ing forces are removed ; also the relation between 
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Young's and the valumetric modulus of elasticity, 
and between these and the shearing modulus, should 
receive additional treatment. By passing beyond the 
elastic limit we may explain the distribution of stress 
in cross^bending, and why the modulus of rupture 
here does not correspond with either the tension or 
the compression modulus. The distribution of the 
shearing stress in beams, and the rational design of 
wooden beams for shearing stress, should be taught. 

By recognizing friction also, we are able to bring 
theory and fact into harmony in the matter of the 
crushing strength of brittle materials, and the relation 
this bears to the shearing strength, and the relation 
between crushing strength and the relative dimen- 
sions of the specimens. In these and in other ways, 
by reviewing the principles of mechanics as applied 
to the strength of materials, we can lay a theoretical 
foundation which will not have to be excused and 
abandoned at every turn on the ground of its being 
"theoretical" and hence not be expected to hold in 
actual practice. 

This ground can be covered in about fifteen lectures. 

(b) Testing Machines and Methods of Testing. — ^AU 
the common types of testing machines used in 
America should be studied, first from diagrams or 
cuts supplemented by blackboard sketches, and then 
the students should be taken to the testing laboratory 
and the machines themselves examined and their 
operation explained. Before a student is asked to use 
any machine or instrument he should become familiar 
with its construction and ^\dth the principles on which 
it operates. Its limitations, defects, and weaknesses 
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should be pointed out as well as its capacities. This 
study should extend to all the appliances used in 
connection with the machines, such as callipers, 
gauges, extensometers, autographic diagram apparatus, 
clutches, scales, moulds, gearing, pumps, etc. 

The methods of operation of all these appliances 
could best be explained by actually using them before 
the class in the measuring and testing of a few speci- 
mens. If the school is not well supphed with testing 
machines and appliances, these may be studied from 
catalogues and drawings, and their operation ex- 
plained as clearly as possible without the machines 
themselves. This will usually be necessary in the 
case of the Emery machines.* Not more than ten 
lectures are required for this part of the course. 

(c) Classification and Methods of Manufacture of En- 
gineering Materials. — ^This very large subject must be 
treated with great discretion in order to cover the 
ground in the time which can be given to it (say 
twenty-five lectures or recitations), and give the stu- 
dents that significant information which they most 
need to detect the difference between good and bad 
material, and to enable them to discriminate between 
them in the drawing of specifications. Little or no 
time should here be given to the history of these arts, 
but only the latest and most approved products and 
methods need be treated. While some attention 
should be given to such natural products as stone and 
timber, in order to develop the valuable characteristics 

* A full desoription, with nomerona detail drawings, of the Watertown 
Aisenal machine is to be found in the Report of Chief of Ordnance, U. 8, A,, 
for 1883. 
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of each for different purposes, the time should mostly 
be given to artificial or manufactured products, such 
as cement, brick, iron and steel, and the alloys. 

A brief but realistic description of the more common 
methods of manufacture of these products should be 
given, accompanied by drawings of factories and 
works, and this followed in each case with a discus- 
sion of the particular qualities the engineer desires the 
product to have, and the directions in which to look 
for failure. The success of this part of the course will 
depend on the success with which the instructor 
emphasizes the more important, and sUghts or over- 
looks entirely the more unimportant matters, so far 
as the use of these materials is concerned. With a 
knowledge of the good and bad qualities of those 
materials in mind, their cause, and the methods used 
by the engineer in detecting them, the instructor can 
so gauge his time, and so select the subject matter of 
his lectures, as to fairly cover this ground in the time 
here named, in a satisfactory manner. The time 
should mostly be given to iron and steel and cements. 
It would be helpful to imagine the student preparing 
himself to intelUgently discharge the duties of an 
inspector of these materials, the instructor charging 
himself with the responsibility of fitting him for the 
task. (That the instructor is abundantly qualified to 
ably perform his part of the work goes without say- 
ing!) 

(d). Lahoratory Tests of MaJterials. An ideal arrange- 
ment would be to have the laboratory tests accom- 
pany, in time, the corresponding instruction on the 
quaUties and methods of manufacture of each material 
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in turn. This would require laboratory facilities suf- 
ficient to accomodate simultaneously the entire class 
on each kind of material. As this is an unreasonable 
demand, and is not Ukely to be met in any testing 
laboratory, it must be assumed that the lecture course 
has been entirely completed before the laboratory 
work begins. Then the class can be distributed 
among the entire laboratory outfit, and by rotation 
they will be able to use all of the appUances. The 
class should be divided into squads of three or four 
each, and all should work under competent direction. 
Their notes should be taken systematically in books 
provided especially for this work, and if these are 
made of double-ruled, or cross-section paper, it would 
be found very convenient for drawing sketches, for 
constructing strain diagrams and for column ruHng. 
Each member of a squad should take all the notes of 
the work of his section, and these should be worked 
up independently for a check. If the use of the slide 
rule (preferably Thatcher's) has not been taught be- 
fore in the course, it could well be brought in here, as 
it is really a necessary piece of apparatus in every 
testing laboratory. All tests should be fully worked 
up, and strain diagrams drawn whenever practicable. 
The modulus of elasticity of various materials should 
also be found, both in tension and in cross-bending, 
and the phenomena accjompanjdng the passing of the 
elastic limit observed. The automatic strain dia- 
gram apparatus should be used some, if one is avail- 
able, and also diagrams plotted from extensometer 
tests. It is not essential that all the squads of a class 
should perform exactly the same experiments, but all 
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should do some work with all the machines and with 
all the standard materials. 

It is always preferable, in the opinion of the writer, 
to have the specimens fully prepared outside the lab- 
oratory. The student can much better afford to pay 
for this work than to do it himself, unless the prepara- 
tion can be made a part of his regular shop work, which 
sometimes might be done. In general, the teacher 
should order the finished specimens and charge the 
cost to the members of the class the same as is done 
in a chemical laboratory. It may be wise to require 
for this purpose a deposit from each student before 
he enters upon his laboratory course. Cement briq- 
uettes are of course made by the studen ts. It is thought 
this work should extend over a period of from fifty to 
sixty laboratory hours. 

In the writer's opinion, the work should include 
tests on the following kinds of materials : 

1. Timber in cross-breaking, crushing-end wise, 
crushing across-grain, shearing, and tension, together 
with determinations of the percentage of moisture. 
(Different squads might test different species.) 

2. Cast'Iron in cross-breaking, tension (with exten- 
someter) and crushing. The deflections should be 
observed in all cross-breaking tests of both wood and 
iron, and the strain diagrams drawn and the moduU 
of elasticity found. This r^odulus should also be 
computed in all cases of tension or compression tests 
when the extensometer is used. 

3. Wroughirlrmi in tension and cold-bending, both 
in plates and bars of various shapes, to develop effects 
of shape of specimen on the various results. Here 
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use both the automatic strain-diagram apparatus and 
also the extensometer. Have specimens prepared 
from widely diflFerent qualities of wrought iron, some 
from plates taken along the fibre and some across the 
fibre. The effects of punching and of other kinds of 
cold working can also be introduced if the class is 
large. The entire class will get the benefit of the 
work done by each squad, if an occasional " re- 
view hour'' be given to this kind of comparison of 
notes. The students should, themselves, give to the 
whole class their results so far as they are different 
from the other. 

4. Structural Steel in tension and cold bending, both 
in plates and bars, in specimens duplicating those of 
the wrought iron. These specimens should cover the 
entire range from very soft, or 55,000 lbs. steel, up to 
tool steel, with all the variations mentioned in the 
^case of wroiight-iron and perhaps others. The essen- 
tially fibrous nature of wrought-iron and the essen- 
tially crystalHne nature of all grades of steel should be 
brought out by testing nicked and grooved specimens, 
both by bending and in tension, in order to forestall 
the common misconceptions in regard to the cold 
crystallization of iron and steel. Particular care 
should be given also to showing that in the soft and 
mild steels the true elastic limit coincides very closely 
indeed with the break-down point or what is com- 
monly called the elastic Umit (as indicated by the 
dropping of the beam) in commercial testing. 

If specimens of soft steel be polished to a good mir- 
ror surface and then tested in tension or in cross-bend- 
ing, and the test stopped at the right stage very beauti- 
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ful effects can be produced, as indicated in the ac- 
companying photographs. These are explained by 
the breaking-down of the material in diagonal planes, 
approximately at 45° with the direction of the princi- 
pal stress, or on the planes of greatest shearing stress, 
and they will arouse great interest on the part of the 
students. The cost of the polished specimens is trifling. 

If thought best, a variety of experiments may be 
planned to illustrate the truth of the ordinary formulas 
for the deflection of beams, by varying the supports 
and points of application of the loads, and the amounts 
of these, and measuring the deflections. The beam 
may also be made continuous over several supports, 
and loaded in any manner. If the beam be of a rec- 
tangular section, it can be turned both edgewise and 
flatwise, etc., etc., and so the truth of the formulas 
proven, so long as the elastic limit of the material is 
not exceeded. Small wooden beams are very suitable 
for this purpose, but the loads must not be left on any 
great length of time, for in the case of timber there is 
a time effect which the formulas do not provide for. 
All such experiments will be found to have great in- 
terest to students, and they can even design their own 
appliances for carrying them out. 

Again, it will be said there is not time for this work 
in all engineering courses. I can only answer that 
we must then make the time. When four years is 
too short for what we think must be taught, then we 
must go to five years. I do not think this is neces- 
sery, however, as yet. We still waste a great deal of 
time in all our colleges, and we must learn to be more 
economical of that requisite to an engineer's educa- 
tion which we find we have the least of. 
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DiSSCUSSION. 

Mr. William Kent expressed surprise that Prof. 
Johnson should say that the breaking-down point and 
the elastic limit were the same, but felt incUned to 
believe him to be right. He mshed Prof Johnson 
would state what he meant by the breaking-down 
point. 

Prof. Johnson replied that the elastic limit could 
be defined in two ways, both defining the same point, 
provided you are not "sticklers on second diflPeren- 
tials." One definition was " the point beyond which 
the material takes a permanent set." . The other was 
" the highest limit at which equal increments of stress 
produce equal increments of distortion." When ma- 
terial which had been rolled was subjected to pull for 
the first time after it had been rolled, it usually had 
a very little permanent set, even for small loads; 
therefore, before any material should properly be sub- 
jected to scientific work in the matter of elasticity, it 
should be put to a kind of proof stress. It should be 
loaded once, and the load removed before beginning 
an experiment. Then you would have brought it to 
what was called a " state of ease." The " breaking- 
down point " obtained in soft steel and some grades 
of soft iron, was the point at which the material began 
to fiow. In other words, the strain or distortion in- 
creased under a constant, or even a diminishing load. 
Naturally, this did not occur before the elastic limit 
was passed. In what was generally called structural 
steel, which was really what the current discussion in 
the Eftigineering News was supposed to apply to, that 
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had a decided breaking-down point, and he would 
regard the elastic limit and the breaking-down point 
as the point at which oblique superficial distor- 
tion hues began to appear. By matching the speci- 
mens it would be found that these markings would 
begin to appear when the breaking-down point was 
reached. The material broke down instantly. Those 
lines would be seen shooting across the specimen, 
gradually extending from one end of the specimen to 
the other, and it would be seen that the two terms 
were one and the same thing, practically. (The above 
remarks were accompanied by blackboard demonstra- 
tions by the speaker.) 

Prof. John Galbraith desired to ask Prof. 
Johnson if he had made any experiments with ordi- 
wrought iron, and if he had found in it any distinction 
between the elastic limit and the breaking-down point? 

Prof. Johnson repUed that he thought with some 
grades there might be some difference, but with the 
best grades of Swedish iron, or any iron that had de- 
cided breaking-down action, it would be found that 
the breaking-down point was not far away from the 
elastic limit. 

In answer to another question he stated that people 
were not generally aware how cheaply machines 
could be obtained. A 20,000-pound Eiehle testing 
machine cost him $225.00. 

Prof. Mansfield Merriman said it seemed to him 
that a 150,000-pound Riehle testing machine was an 
unsuitable thing for a college laboratory. It was a 
commercial machine. There was not much to be 
learned from it, and he thought that the remarks about 
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the laws of elasticity in Prof Johnson's paper 
were of more importance in the education of young 
men than work on the large machines. 

Prop. Johnson replied that he did not at all believe 
in large machines in a college laboratory. 
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